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HOURLY VARIATIONS OF SEWAGE CONCENTRA- 


TION AND FLOW 


By WaAutEeR A. SPERRY 


Superintendent, Aurora (Illinois) Sanitary District 


In Chapter Two of his book Sewage 
Treatment Works C. EK. Keefer enu- 
merates five major and thirteen minor 
reasons for determining the quantity 
of sewage flowing to a treatment plant. 
Suffice it to say that all these reasons 
are important and too well known to 
enumerate here. 

It is the purpose of this paper to 
display, with a few brief comments, a 
study of the dry weather sewage flow 
as received at the Aurora, IIl., plant 
(Figures 1 and 2). The curves have 
added interest by showing simultane- 
ously the suspended solids and 5-day 
B.O.D. contents observed. 

3efore discussing these curves it 
might be well to state that the Aurora 
plant is situated on the Fox River and 
about five miles below the center of 
the city. This plant location was 
chosen, in part, because it made pos- 
sible complete gravity flow of sewage 
from the city to the plant, thus elimi- 
nating the need for and the cost of 
high-lift pumping. The only sewage 
pumped in the city is that collected on 
an island in the river, which is passed 
to the interceptor on either side by two 
small lift stations. 

A second observation on Aurora sew- 
age that may be helpful in appraising 
these curves is the fact that practically 
all the industries in Aurora are en- 
gaged in metal fabrication. The sew- 





* Presented at the 18th Annual Meeting, 
Central States Sewage Works Association; 
Lafayette, Indiana; June 13-14, 1946. 
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age collected, therefore, is generally 
domestic in character. 

The data for these curves were 
eathered between the dates of July 15, 
1942, and September 10, 1943. Dur- 
ing this period, as time, incubator 
space and weather conditions per- 
mitted, ten 24-hr. studies were made 
of the typical dry weather flow for 
each day of the week. During each 
day under study, samples were col- 
lected at 2-hr. intervals beginning at 
midnight and continuing throughout 
the 24-hr. period. These samples were 
analyzed for suspended solids and 5- 
day B.O.D. content and, when ten 
typical Mondays or Tuesdays had ac- 
cumulated, the final results were aver- 
aged and plotted. 

When the work had progressed to a 
point where five complete studies had 
accumulated for each day of the week 
the results were averaged and plotted. 
It was predicted that these curves 
would not differ sufficiently from the 
10-day study contemplated to make it 
necessary to continue the work. It 
was felt, however, that the 10-day 
study should be completed, as origi- 
nally planned, in order to get a more 
accurate average. As predicted, how- 
ever, the 10-day curves, exhibited 
herein, proved to be almost identical 
with the 5-day partial study. Figure 
1 presents these curves in detail for 
the 7 days of the week. Figure 2 pre- 
sents the same data reduced to aver- 
aged summary curves. 

Among the many interesting features 
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FIGURE 2.—Summary of curves illus- 
trating flow and load variations by 2-hr. 
periods. 


displayed by these curves the following 
are commented upon. 

The Sunday flow and load character- 
isties are in interesting contrast to the 
Monday flow and load, as was to be 
expected. The remaining days of the 
week vary but little from each other. 

The point of low flow for Sunday 
shows a lag of about 2 hours and oc- 
curs at 8 A.M., whereas on all the rest 
of the days the minimum flow point 
occurs at 6 A.M. The maximum and 
minimum variation in the flow for 
Sunday is but 13 per cent above and 
below the average while the variation 
in the sewage load carried is 80 per 
cent on either side of the average. 
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It is also interesting to note that the 
hour of minimum flow for Aurora is 
about the same as that for several 
cities, such as Columbus, Minneapolis, 
Indianapolis, Toledo, Baltimore and 
doubtless many others. 

In contrast to Sunday, the Monday 
flow varies 28 per cent above and be- 
low the average, and the sewage load, 
as measured by suspended solids and 
B.0.D., varies from 84 per cent below 
average to 164 per cent above average. 

During the remaining days of the 
week the flow varies from about 20 per 
cent below the average to 25 per cent 
or more above average. The sewage 
load varies from about 80 per cent be- 
low average to some 60 per cent above 
the average. 

Generally the flow tends to level off 
upon reaching its crest and remains 
fairly constant from 12 noon to 4 P.M. 
before it tends to fall off for all the 
days of the week except Sunday, when 
the crest arrives 2 hours later. 

In contrast to the flow, the sewage 
load has a sharp peak and tends to be 
at a maximum at about 2 p.m. after 
which it falls off sharply. 

Two other interesting features re- 
vealed herein, not anticipated when 
this study was started, were that the 
loading due to suspended solids is 
very nearly equal to the loading rep- 
resented by the B.O.D. The sus- 
pended solids for the 7 days studied 
averaged 174 p.p.m. and the B.O.D. 
168 p.p.m., or 3 per cent less. This 
finding differs from the average values 
reported from the Aurora plant rec- 
ords of the past 14 years, in which the 
suspended solids averaged 166 p.p.m. 
and the B.O.D. 122 p.p.m., or 26 per 
cent less. This variation is probably 
due to the difference between the more 
concentrated sewage sampled on the 
selected dry weather days studied as 
compared to the general average sew- 
age which includes diluted storm 
flows. 

The second striking feature revealed 
by these curves is the almost complete 
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parallel relatibnship between the flow 
and the loading curves, 7.e., the load 
tends to come and go precisely as the 
flow inereases:and decreases. 

Figure 3 bresents an interesting 
corollary to Figures 1 and 2, being a 
typical venturj chart which records the 
flow to the plant as modified by the 
operation of {he fine screen through 
which the sewage first passes. The 
toothed character of the venturi record 
is the result of the damming effect 
produced by Accumulating screenings 
and their renjoval by the automatic 
rake. During’ that part of the day 
when the flow is high and the loading 
heavy this unloading is considerably 
more frequent, than the period after 
midnight when the load is greatly re- 
duced. 

‘‘Standard '! Methods’’ procedures 
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FIGURE 3.—Typical venturi chart recording sewage flow. 
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were generally followed with the ex- 
ception that the 2-day B.O.D. ineuba- 
tion tests were used in place of the 5- 
day. This variation from standard 
practice was necessary because of the 
incubator space available and the time 
element. 

In order to test the reliability of the 
work the following tests were applied: 

(1) A series of ten Sunday, Tues- 
day and Thursday samples set up for 
comparative 2-day and 5-day B.O.D. 
incubation tests gave the following re- 
sults: 








2-day B.O.D.| 5-day B.O.D. 














10 Sundays averaged...... 120 p.p.m. 131 p.p.m. 
10 Tuesdays averaged..... 195 p.p.m. 183 p.p.m. 
10 Thursdays averaged....| 153 p.p.m. 141 p.p.m. 

| eee 156 p.p.m. 152 p.p.m. 
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(2) A study of the suspended solids 
for all the days tested was made, com- 
paring the suspended solids for each 
day as determined in the regular 24- 
hr. composited plant sample with the 
suspended solids for the same day as 
derived from the average of the 
twelve 2-hr. samples collected. Result: 
average suspended solids from the 
composited sample 190 p.p.m.; sus- 
pended solids from the average of the 
twelve samples 174 p.p.m.; difference 
8.4 per cent. 
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(3) Spot tests on suspended solids by 
two workers gave an average of 342 
p.p.m. as against 343 p.p.m. on a 
strong sewage for ten trials, and 163 
p-p.m. as against 157 p.p.m. for a 
medium sewage. 

(4) Spot tests for B.O.D. by three 
workers for ten trials gave an average 
of 251 p.p.m., 263 p.p.m. and 270 
p.p.m. for a strong sewage, and 136 
p._p.m. and 156 p.p.m. for a medium 
sewage as determined by two workers 
only. 








A STUDY OF THE EFFECT OF NICKEL ON 
SLUDGE DIGESTION * 


By W. J. WISCHMEYER AND J. T. CHAPMAN 


Graduate Students, Case Institute of Technology, Cleveland, Ohio 


This is a brief report of the methods 
used and the results obtained in ex- 
periments to determine the toxic effect 
of various concentrations of nickel or 
nickel salts on sewage sludge digestion. 
The experiments were made by means 
of model-size digesters under carefuily 
controlled conditions, in the sanitary 
engineering laboratory at Case Insti- 
tute of Technology, Cleveland, Ohio. 

In the present search for accurate 
material on the pollution effects of 
various industrial wastes, and particu- 
larly wastes from the metals and plat- 
ing industries, there is less to be found 
in the literature on the subject of 
nickel than on other heavy metals 
such as chromium and copper. Yet 
nickel wastes are encountered fre- 
quently in plating wastes and, in many 
eases, are discharged directly into 
public sewer systems for treatment and 
disposal with domestic sewage. There- 
fore the question of the toxicity of 
nickel wastes will need to be estab- 
lished for the mutual information of 
certain industries and public authori- 
ties. 

Very little experimental work has 
been done on nickel wastes. It has 
been assumed that since it is a heavy 
metal, such as chromium and copper, 
it too would have a toxic or inhibitive 
effect on biological action. However, 
Spencer (1), in a survey of plating 
wastes in a small plant in England, 
has found that nickel plating wastes 
entering the sewage treatment plant 
over a period of ten years caused no 


* Material based on thesis presented as 
partial requirement for the degree of Master 
of Science in Civil Engineering, Case Insti- 
tute of Technology, June, 1947. 


ill effeets on the biological action of 
the trickling filters. This does not 
show that no inhibitive effects were 
present, but that none were noticed 
over a period of ten years. 

3arnes and Braidech (2) made ex- 
perimental determinations of the effect 
of metallic ions on the digestion of 
sewage sludge. Among other metal 
ions they reported a retardation of 
normal digestion in the amount of 9.4 
per cent when 500 p.p.m. Ni** was 
present and 8.0 per cent retardation 
when 200 p.p.m. Ni** was present. 
Snook (3) also reported retardation 
of normal sludge digestion by nickel 
with values closely related to those 
given by Barnes and Braidech. As a 
result of a close examination of the 
tables in the Snook report, it was 
found that there was acceleration of 
gas production due to the presence of 
nickel ions. This would seem to 
contradict the conelusion by Snook 
that nickel had a ‘‘poisoning effect’’ 
on sludge digestion. 


Procedure 


The overall performance of the di- 
gestion process is most satisfactorily 
measured in terms of (1) the volume 
and composition of the gases produced, 
and (2) the per cent reduction of 
volatile solids. Therefore the method 
of attack of the problem was to in- 
oculate mixtures of fresh and digested 
solids with different concentrations of 
nickel, determining the volatile solids 
content of the various samples before 
and after digestion, and measuring 
the amount of gas produced by each 
sample during the digestion period. 

The same procedure was followed 
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for each of three tests. The sludge 
samples were obtained from the 
Westerly sewage treatment plant, 
Cleveland, Ohio, and were made up of 
approximately one part fresh solids 
and one part digested solids. This 
mixture was used because it proved 
suitable for the apparatus used. A 
90-day digestion period at a tempera- 
ture of 90° F. was used throughout 
the tests. 

Fresh and digested solids were ob- 
tained and well-mixed in a 10-gal. 
drum. One-gallon samples were drawn 
into digester bottles and inoculated 
with the desired concentration of 
nickel. Nickel ammonium sulfate was 
used for the first test and nickel 
sulfate was used for the second and 
third tests. The samples were again 
well-mixed to ensure even distribution 
of the nickel salt. The bottles were 
then placed in the water baths and 
allowed to come up to temperature 
before being stoppered and the gas 
collected. This usually took from 8 
to 10 hours. Gas volumes were re- 
corded as often as demanded accord- 
ing to the gas production; tempera- 
ture readings were recorded along with 
the gas volumes; and analysis of the 
vas Was made once a day to determine 
the percentage of carbon dioxide. 
Volatile solids and hydrogen ion con- 
centration (pH )of each sample were 
measured before and after digestion 
as a further guide to the degree of 
digestion. 


Apparatus 


The apparatus for this study was a 
twin unit made to permit simultaneous 
digestion of eight sludge samples un- 
der definite and controlled conditions 
of temperature, and was equipped with 
suitable means for the collection and 
measurement of the gases produced. 

The unit consisted of eight 2-gal. 
bottles. Two circular metal tanks were 
used as water baths, and each tank 
was fitted to hold and support four 
of the digestion bottles and the sur- 
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rounding water which served as the 
direct heating medium. Each digester 
bottle was cradled in position and sup- 
ported from the water bath bottom 
for free circulation of the heated wa- 
ter, and was fitted with a two-hole 
rubber stopper; one hole serving as the 
inlet and outlet for sludge, and the 
other hole being the outlet for the 
tubing leading to the gas collecting 
tube which measured the progress of 
digestion. 

The gas collecting tubes were com- 
posed of 5-ft. lengths of 2-in. pyrex 
glass tubing mounted in a wooden 
frame for support. They were fitted 
with rigid rubber stoppers which were 
taped firmly into the tubing at both 
ends. At the top, the tubes were 
fitted with a glass ‘‘T’’ and clamps, 
which connected the collector tube to 
the individual digester and also per- 
mitted sampling of the digester gas. 
The bottom stoppers were bored with 
holes to connect the tube with a 
levelling bottle to equalize the pres- 
sure in the tubes to atmospheric con- 
ditions. The tubes were calibrated at 
100-ml. intervals, the intervals being 
divided equally into 25-ml. portions. 
The total holding capacity of each tube 
was 2,000 ml. The confining liquid in 
the tubes was composed of a 20 per 
eent Na,SO, and 3 per cent H,SO, 
solution containing methyl orange in- 
dicator. 

The water bath surrounding the di- 
gester bottles was equipped with im- 
mersion heaters coiled on the wooden 
framework supporting the bottles at 
the bottom of the tanks. The conduct- 
ing leads terminated in insulated bind- 
ing posts attached to the side wall of 
the metal tank. The temperature was 
controlled at 90° + 1° F. by means of 
a bimetal thermoregulator and a super- 
sensitive relay which controlled the 
eurrent for the heating elements and 
small circulating pump. Circulation 
and mixing action of the heating water 
was provided by a midget fan-cooled 
continuous duty centrifugal pump, de- 
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FIGURE 1.—Diagram of experimental apparatus used in studies of toxicity of nickel. 





FIGURE 2.—View of experimental apparatus in use. 
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livering 5 g.p.m. Water was drawn 
from the bottom of one tank and 
pumped into the top of the other. 
The tanks were interconnected by 
a float operated constant head box. 
Make up water was added periodically 
to restore the loss due to evaporation. 
Figures 1 and 2 show the arrangement 
of the complete apparatus. 
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Results 


The first complete test of 20-day du- 
ration was run using concentrations 
of nickel ranging from 0 p.p.m. to 133 
p.p.m. of NiSO,(NH,).SO0,:6H,O as 
nickel. The second test was run using 
concentrations of nickel ranging from 
0 p.p.m. to 200 p.p.m. NiSO,-:6H,O as 


nickel. For the third test, eoneentra- 
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FIGURE 3.—Cumulative gas production from digestion of sludge inoculated with 
nickel salts. 
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tions ranging from 0 p.p.m. to 2,000 
p.p.m., NiSO,-6H,O as nickel were 
used. Jn each test the sample contain- 
ing 0 p.p.m. nickel was used as the 
control: 

The yesults obtained from the three 
tests folNowed the same general pattern. 
Since tht third test gave a wider range 
of conceitrations for comparison and 
was used as a check on the other tests, 
it will be deseribed in detail. The 
tests here reported showed no re- 
tardation of normal sludge digestion 
except in' concentrations of nickel in 
excess of 500 p.p.m. In fact, the 
eumulativé gas production curves of 
all concentrations below 500° p.p.m. 
were above the curve of the control 
sample, as can be seen in Figure 3 
and Table I. The results indicate that 
there was a slight increase in gas pro- 
duction due to the presence of nickel 
up to and ineluding a concentration 
of 500 p.p.m. The sample containing 
1,000 p.p.m. nickel showed a time lag 
in reaching a high rate of gas produc- 
tion. This lag caused a marked de- 
crease in production over the 20-day 
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period. The sample containing 2,000 
p.p.m. nickel produced a_ negligible 
amount of gas. 

The composition of the gas produced 
by all samples in each of the three 
tests, with the exception of the sample 
containing a concentration of 2,000 
p.p.m. nickel, did not vary greatly 
from what would be normally expected 
of typical sludge digestion gas. In 
the first and third tests, the CO, con- 
tent varied from about 50 per cent 
in the initial stages of digestion to 
about 20 per cent in the final stages. 
In the second test the CO, content did 
not vary greatly from about 30 per 
cent during the entire digestion pe- 
riod. The one exception noted, the 
sample containing 2,000 p.p.m. nickel, 
showed an inconstant variation of CO, 
throughout the period. 

The tests for per cent volatile solids 
reduction showed that the varying of 
the nickel concentration does not cause 
a like variation in volatile solids re- 
duetion, except in the sample contain- 
ing 2,000 p.p.m. nickel. In this in- 
stance, the test for volatile solids re- 


TABLE I.—Cumulative Gas Production in Milliliters 
(Test Run No. 3) 


Dosage NiSOs-6H2O as Ni** (p.p.m.) 























Day = 
j 0 100 200 400 500 1,000 | 2,000 

1 | 3,608 4,510 4,085 3,050 2,485 | 2,070 | 1,280 | 855 
2 6,83) | 8,295 8,115 6,880 | 5,550 | 4,245 | 2,070 1,190 
3 | 9,508 [ 11,680 | 12,095 | 10,745 | 9,290 | 7,275 | 2,790 | 1,400 
4 | 12,458 | 15,740 | 16,545 | 15,125 | 13,900 | 11,265 | 3,680 | 1,710 
5 | 15,82 | 21,000 | 22,255 | 20,225 | 18,810 | 15,915 | 4,630 | 2,005 
6 20,40(8 | 27,870 | 29,055 | 26,885 | 25,085 | 21,210 | 5,980 | 2,205 
7 25,9558 | 35,450 | 37,180 34,455 | 32,355 | 27,360 | 7,645 | 2,435 
8 31,845M! 43,195 | 45,275 42,320 | 39,915 | 33,870 | 9,030 | 2,515 
9 38,988! 51,440 | 53,435 | 50,740 | 45,900 | 41,900 | 10,855 | 2,625 
10 46,6008) 58,345 | 59,835 | 57,765 | 56,045 | 49,685 | 12,980 | 2,735 
11 54,025 63,915 | 64,890 | 63,410 | 62,435 | 56,975 | 15,405 | 2,785 
12 60,415 68,180 | 68,800 67,685 | 67,270 | 63,080 | 18,250 | 2,885 
13 65,325 B 71,455 | 71,860 | 70,910 | 70,910 | 67,665 | 21,435 | 2,960 
14 69,650 § 74,340 | 74,625 | 73,795 | 74,080 | 71,485 | 25,500 | 3,020 
15 | 73,020 % 76,660 | 76,865 | 76,100 | 76,680 | 74,465 | 29,900 | 3,070 
16 =| 75,605 78,510 | 78,665 | 77,970 | 78,795 | 76,915 | 34,575 | 3,105 
17 | 77,790 @ 80,095 | 80,215 | 79,590 | 80,595 | 79,115 | 39,675 | 3,230 
18 | 79,730 81,495 | 81,605 | 81,040 | 82,110 | 81,040 | 45,225 | 3,340 
19 | 81,180 @ 82,620 | 82,715 | 82,200 | 83,335 | 82,540 | 50,775 | 3,415 
56,150 | 3,490 


20 | 82,340 @ 83,610 | 83,715 83,240 | 84,410 | 83,815 
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duction showed that digestion in that 
sample was greatly reduced. 

The hydrogen ion concentation of 
all three tests before and after diges- 
tion showed that all samples, except 
for the one containing 2,000 p.p.m. 
nickel, behaved in like manner. The 
pH values increased from about 6.5 
to about 7.1 over the digestion period. 
The sample mentioned showed a re- 
duction in pH value from 6.5 to 5.9. 

One other exception was noted dur- 
ing the test using nickel ammonium 
sulfate. The gas production of all 
samples inoculated with this salt 
showed a great increase over the gas 
production of the control sample, 
whereas in the tests using nickel sul- 
fate the gas production of all samples 
with concentrations under 500 p.p.m. 
nickel was only slightly higher than 
that of the control. This substantiates 
the finding of Buswell (4) who states 
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with reference to a certain type of 
gas producing bacteria in sludge, 
‘‘These organisms, in addition to pro- 
ducing methane, also possess the follow- 
ing common characteristics: . . . They 
are obligate anaerobes and are capable 
of using ammonia as a source of ni- 
trogen.’’ 


Conclusion 


The results of this study strongly 
indicate that concentrations of nickel | 
sulfate and nickel ammonium sulfate 
up to and ineluding 500 p.p.m. as 
nickel do not retard normal sludge di- 
gestion, but rather tend to increase the 
activity resulting in slightly greater 
gas production. In concentrations of 
nickel in excess of 500 p.p.m., and 
especially in excess of 1,000 p.p.m., the 
digestion processes are definitely re- 
tarded. 
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CARBIDE LIME SLURRY FOR SLUDGE 
CONDITIONING * 


By Haroup M. LEoNHARD 


Chemist, Wayne County Sewage Disposal System, Wyandotte, Mich. 


In May, 1942, a new plant for pro- 
duction of acetylene gas was placed in 
operation at Wyandotte, Michigan. A 
pond was constructed in the limited 
space available for the disposal of the 
lime slurry waste from this industry 
but the large volume of slurry pro- 
duced soon created a problem. Shortly 
thereafter a representative of the com- 
pany visited the Wyandotte sewage 
treatment plant to suggest use of the 
lime waste for conditioning sludge 
prior to vacuum filtration. 

It was stated that the lime would be 
made available as a slurry containing 
about 3 lb. of solids as calcium hy- 
droxide per gallon, and having an ay- 
erage calcium oxide content of about 
70 per cent. Further, it was assured 
that the limestone from which the ear- 
bide was manufactured was a_ high 
calcium stone of at least 97 per cent 
ealeium carbonate and relatively free 
from such impurities as magnesium, 
silica and iron. In the manufacture of 
ealcium earbide a high grade coke is 
utilized having a low ash content and 
low ignition point and, upon being 
charged into an electric are resistance 
furnace with the quick lime, it is com- 
pletely burned due to the high tem- 
perature maintained in the furnace. 
The acetylene gas is produced by wet 
veneration of the carbide with water, 
and the resulting lime slurry is con- 
centrated by means of a Dorr thickener 
prior to being pumped to the pond 
for disposal. 


* Presented at 22nd Annual Conference, 
Michigan Sewage Works Assn.; Jackson, 
Mich.; May 14, 1947. 


796 


Available Lime Sources 

The facilities for the use of lime at 
the Wyandotte plant at that time con- 
sisted of two 20-ton dry lime storage 
tanks, a conveyor from a hopper under 
the driveway, an Omega lime feeder 
and slaker, and two small electric 
sump pumps for delivering the milk 
of lime to the sludge conditioning 
tanks. 

Conversion to facilities for handling 
the waste lime slurry would necessi- 
tate the installation of a sizeable liquid 
storage tank with agitating mechanism, 
and would require revamping of the 
feeding system. Hauling the slurry 
would present no problem since a fleet 
of tank trucks is maintained for trans- 
porting liquid sludge from outlying 
plants for dewatering and _ incinera- 
tion at Wyandotte. 

As so often happens the matter was 
given little study and the use of peb- 
ble lime was continued. This was in 
spite of the fact that considerable diffi- 
culty had always been encountered in 
securing satisfactory pebble lime. 
When the Wyandotte plant was placed 
in operation in 1939 there was a local 
supply of pebble lime available. The 
lime furnished was of rather poor qual- 
ity, but since it was delivered by truck 
directly into the conveyor hopper its 
use was continued for a considerable 
period. Finally this local company dis- 
continued operations. 

Lime was then ordered from other 
sources by rail, requiring unloading on 
the nearest siding into trucks. It was 
ordered first in bulk in box ears, then 
in covered gondolas, and finally in 
paper sacks. The latter was the most 
satisfactory except for cost. The bulk 
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shipments were difficult to handle and 
on several occasions employees were 
severely burned by the lime dust. 
After several months a new source of 
lime became available about 100 miles 
from Wyandotte. A contract was made 
with a trucking concern for delivery 
in a semi-trailer hauling 14 tons per 
trip. This source of lime was very 
satisfactory until notice was given in 
August, 1944 that this plant was to be 
abandoned. A contract was in force 
for the furnishing of all lime require- 
ments through April, 1945, however, 
and the company agreed to fulfill the 
contract by supplying lime from other 
sources. 

From October, 1939 to August, 1944 
the price of pebble lime had increased 
from $8.30 to $10.43 per ton. This fact, 
together with the prospect of having 
again to unload the lime from ears, re- 
sulted in further study of the possi- 
bility of using the carbide lime slurry. 


Plant Changes 


Arrangements were made to secure 
a 1,400-gal. load of the slurry. This 
was fed to the sludge conditioning 
tanks practically by hand. There be- 
ing no change in the filter operations 
nor in filter cake production, a second 
and third load was fed in a similar 
manner, after which it appeared cer- 
tain that the use of this lime waste 
would be practicable. 

Wartime priorities were then in full 
force. It was decided, however, to pro- 
ceed with plans for the installation on 
the basis of unavailability of pebble 
lime. Plans were prepared, priorities 
obtained, orders for equipment placed 
and miscellaneous items such as pipe, 
valves, fittings, and wiring were as- 
sembled. By July 1, 1945 all items of 
equipment had been received and com- 
pletely installed. 

The installation consists of the fol- 
lowing: (1) a covered steel storage 
tank 13 ft. in diameter with a capacity 
of 10,000 gal. (Figure 1), located in 
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the basement, (2) a 6-in. filler pipe 
from a shallow manhole located in the 
driveway, (3) an agitating mechanism 
with a 10-h.p. motor direct connected 
to a gear reduction unit mounted on a 
bridge over the tank, driving a 48-in. 
impeller which is suspended 3 in. above 
the bottom of the tank on a 31-in. 
vertical shaft, (4) two horizontal cen- 
trifugal pumps, each rated at 12.5 
@.p.m., especially designed for handling 
gritty liquids, (5) a weir box (Figure 
2) mounted over the sludge condition- 
ing tank, with an adjustable overflow 
for returning excess lime slurry to the 
storage tank. The total cost for all 
equipment, materials and outside labor 
amounted to $2,765. All work except 
welding of the tank and electrical wir- 
ing was performed by plant personnel. 

During the first week of July, 1945, 
the use of lime slurry was started and, 
with the exception of a two-week strike 
period at the carbide plant, its use 
has since been continuous. 


Operation Procedure 


The lime slurry is purchased for 
$1.00 per ton on a dry basis, loaded in- 
to our truck. Lime content is de- 
termined from the weight of a 500-c.ce. 
sample from each load. As mentioned 
previously, tank trucks are operated 
for transporting liquid sludge from 
other plants in the Wayne County 
system (Figure 3). These same 1,400- 
eal. trucks are used for the hauling of 
lime. The hauling distance is less than 
one mile in round trip, and hauling 
time averages somewhat less than one 
hour per load. It might be said that 
the hauling cost is negligible since this 
is more or less a ‘‘fill-in’’ duty for the 
trucks and drivers; however, in the 
cost data presented herein, hauling 
costs have been based on a rate of 
$4.25 per hour for truck and driver. 

The lime as received varies in solids 
content from 2.25 to 3.75 lb. per gallon 
and typical analyses are within the 








798 SEWAGE WORKS JOURNAL September, 1947 





FIGURE 1.—Lime slurry storage tank; pumps at lower right. 
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FIGURE 2.—Weir box mounted over sludge conditioning tank for controlling dosage of 
lime slurry. 
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FIGURE 3.—Tank trucks used for hauling sludge or lime slurry. 


following ranges: 


Per Cent 
Galen AS GAO ioe ss doce eee cam 71 to 75 
See a re Der 0.7 to 2.33 
Iron and aluminum as R,0;. ..0.3 to 1.7 
Magnesium as MgO.............. 0.1 to 0.5 
ORM CGB racine: 00 os ae asc 1 to2 
OOS IEC IMELUE 6625: 5% 02:0) xin eo aie 20 to 25 


With each load of lime, sufficient water 
is added to maintain a concentration 
of 2 lb. of solids as calcium hydroxide 
per gallon in storage. 

The lime feeder pumps deliver the 
slurry at a uniform rate of about 12.5 
e.p.m. to a box mounted above the 
sludge conditioning tank. A sliding 
pipe with two notches in the top acts 
as a return overflow. By adjusting 
this overflow a constant head is main- 
tained on a small V-notch weir in one 
end of the box, to feed lime to the 
sludge conditioning tank at a_pre- 
determined rate. 

After installation and a short period 
of operation of the facilities it was 


necessary to make a few changes. The 
agitating mechanism was designed for 
a speed of 82 r.p.m. This caused vio- 
lent agitation of the liquid and a con- 
siderable oscillation of the vertical 
shaft, so much so that the supporting 
bridge and power unit would twist 
and weave. A silent chain drive was 
installed between the motor and gear 
unit, reducing the speed of the agi- 
tator 50 per cent. This corrected the 
weaving and still provided sufficient 
agitation to keep the solids in suspen- 
sion. 

The lime pumps were fitted with 
water seals on the discharge side of 
the impeller to protect the packing 
eland against abrasion. After several 
hours of operation the volume in stor- 
age would increase due to leakage of the 
seal water into the system. The water 
seal was disconnected and _ replaced 
with a weighted grease cup to feed a 
small quantity of grease into the gland 
continuously. It was desired to observe 
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the effect of the lime solution on the 
pumps, so rather than alternate the 
units one pump was kept in continuoti« 
service. 
packing and minor adjustments wer ¢ 
necessary until after 14 months of op- 
eration. After this service the im- 
peller and casing were replaced tc 
bring the pump back to capacity. 
Since then the pumps have been alte1 
nated so as to keep them in the same 
relative condition. 

Originally the suction pipe from the 
storage tank to the lime pumps was 2 
in. in diameter. Considerable difficulty 
was experienced with stoppages in this 
line, which backflushing with city wa- 
ter pressure often failed to correct. 
This line was replaced with 1-in. pipe, 
with a ramrod device operating 
through a stuffing box for cleanout. 
This latter arrangement has proved 
satisfactory. 

Costs 

Table I shows comparative chemical 
costs for sludge conditioning for pe- 
riods of 18 months prior and subse- 
quent to the use of carbide lime 
slurry. 


No repairs other than nev 
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No attempt has been made to com- 
pare life of filter cloths for the two 
periods since the quality of cloths dur- 
ing and after the war has been so 
poor and variable that results might 
be misleading. 

The figures given in Table I indicate 
savings in chemical costs at an annual 
rate of slightly less than $5,000. In 
computing costs, no account was made 
of depreciation or maintenance costs 
vn equipment, since these items would 
be about the same in either case. The 
1ctual cost to date for replacement 
parts has been $165, including a com- 
)lete inventory of spare parts for the 
ime pumps, which might reasonably 
e expected to need replacement with- 
1 the next 12 months. 

The original equipment for handling 
-bble lime has been left in place and 
‘ maintained in working order, in case 
some future date it may be neces- 
B.vryv to revert to the use of this type 
material. It is hoped that this 
rentuality will never materialize. This 
ype is shared by all concerned from 
anagement to janitors. Aside from 
e saving dollars and cents, there 
‘e other intangible savings, to wit: 





TABLEGI 
FeCl; Lime | Cost of Chemicals 
Sewage = es ee ene } eee eee rer 
Period | Solids from! i _— r Yield l | 
— Filter Cz ake| “¥ 4 “= b. Far = | Lb. Per | Per 100 
(tons) ir.) | Total 100 Lb Total | 
Pounds | Soli Pounds Solids 


Jan l, 1944 to to 
June 30, 1945 
(Pebble Lime) 





4695 4.32 | 381,813) 





Dec. 31, 1946 
(Lime Slurry) 


| 
me 
| 
July 1, 1945 to | 
| 4685 | 4.26 | 351,220 





| Solids 





100 Lb. | Total Lb. of 
| 
| 
| 





4.0" “1,709,672 | 18.20 | $16,553.91 | $0.176* 


S53 pore See: cee eee 
| | ea 

3.74 1,698,296} 18.14 |$ 9,078.98} $0.097* 

| 

| 











* The costs indicated are based on the following unit prices: 


Lime Slurry...... Adee sae eee 


Pebble Lime... . 
oC ee 


Material Cost $ 1 

....4 Hauling Cost 1.32 
Power for Agitation 0.10 

OUR 5 j0:635.0.4 50 $ 2.42 per ton 

5 ia Cehdey Oe ae ee ee $10.43 per ton 

aS ee eee tet $40.00 per ton 





Pp 
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less attention by operators to the lime 
handling equipment, no sand or pebbles 
to be removed from the basement 
sump, and considerable saving in clean- 
up labor. No matter how carefully the 
pebble lime was handled the entire 
plant would be covered with lime dust 
after each delivery. 

This is not claimed to be the first 
attempt to use carbide lime for sludge 
conditioning. At least one other sew- 
age treatment plant in this area has 
used a waste carbide lime for several 
years, but in a different form. As far 
as the writer has been able to deter- 
mine, however, this is the first installa- 
tion in this area adapted to the use of 
the waste lime in the form of a slurry. 

It so happens that the Wyandotte 
plant is ideally located close to the 
source of this waste lime. It is felt, 
however, that the material could be 
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transported a considerable distance and 
still show substantial savings over the 
use of pebble lime. 

It would be interesting, also, to make 
a study of comparative costs of the 
lime slurry against hydrated lime in 
a plant employing chemical precipita- 
tion as a method of sewage treatment. 
In fact, such a study might well be 
undertaken here, since the Wayne 
County system includes three small 
plants where chemical precipitation is 
used. About the time of the conver- 
sion to the use of liquid lime at Wy- 
andotte, however, these small plants 
were converted to the use of a patented 
catalyzer in place of hydrated lime. 
The results obtained and the ease of 
handling this material, as compared to 
lime, have at least postponed considera- 
tion of other possibilities to some fu- 
ture date. 


CARBIDE LIME SLURRY FOR SLUDGE CONDITIONING— 
A DISCUSSION * 


By Frep H. Burry 


Engineer of Sewage Treatment, City of Detroit, Mich. 


The experience at the Wyandotte 
sewage treatment plant was of in- 
valuable assistance in leading to the 
decision to give carbide lime slurry a 
thorough trial for sludge conditioning 
at the Detroit plant. All data on the 
Wyandotte plant work was made avail- 
able for reference, and opportunity 
was afforded to observe actual use of 
the material there. 

The use of carbide lime slurry for 
conditioning of sewage sludge was 
started on a partial basis at the De- 
troit sewage treatment plant on No- 
vember 13, 1946. 

Advantages and Disadvantages of 

Pebble Lime 

The Detroit plant as originally de- 

signed provided for the use of high 


* Presented at 22nd Annual Conference, 
Michigan Sewage Works Assn.; Jackson, 
Mich.; May 14, 1947. 


erade pebble lime. Some of the favor- 
able aspects of this material with the 
available equipment were: 


1. The dosage required was moder- 
ate and capable of reasonably good 
control. The slakers ran at a constant - 
speed subject to adjustment within the 
complete range that was desired. 

2. The greater part of the pebble 
lime received was of very high qual- 
itv and gave little difficulty with ae- 
cumulations of foreign material in the 
slakers. 

3. The supply and delivery were usu- 
ally dependable until about 1946. 


Some of the unfavorable aspects of 
the use of the pebble lime at this plant 
were : ; 

1. The need of hot water for slaking, 
especially in winter time. 

2. The accumulation of deposits of 
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foreign matter in the slakers at times 
when the highest grade pebble lime 
was not available. 

3. Erratic supply, sometimes neces- 
sitating curtailed production. 

4. The need of continuous operation 
of air lifts from the feeding line to 
the sludge conditioner, due to there 
being an inadequate head provided be- 
tween the slakers and conditioners. 

5. The recent increase in price. 


Conversion to Carbide Lime Slurry 


The conversion from pebble to car- 
bide lime has been made step by step, 
with a minimum outlay for equipment 
and by running carbide and pebble 
lime in parallel for observation. 


Sources Available 


A survey of the Detroit area was 
made to determine which acetylene 
plant would be most suited to meet 
the needs of the Detroit plant. There 
are certain solidified deposits of the 
waste material which are approxi- 
mately 30 per cent solids. On this 
basis it would be necessary to load 
and transport daily 30 to 40 tons of 
the solidified material.: On arriving 
at the plant it would be necessary to 
provide means of mixing this material 
with water and conveying it into the 
plant. It was decided that the cost of 
labor and new equipment for doing 
this would be too high. 

A number of acetylene producers in 
the area would be able to supply liquid 
waste material without storage or 
thickening equipment at their plants. 
It was decided that this material would 
not be economical to transport due to 
its low solids content. Also, there 
would be too long a delay in filling 
tank trucks. The source selected is 
the same one that supplies the Wyan- 
dotte plant, and is located a distance 
of seven miles from the Detroit sewage 
treatment plant. The facilities at that 
souree provide thickening and storage 
equipment. Prompt loading is_ pos- 
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sible and either tank trucks or rail- 
road tank cars can be accommodated. 
A chemical analysis of the materia! 
available from this supplier is shown 
in Table I. As will be noted, the 
solid anhydrous material is approxi- 
mately 93 per cent available CaO. 


TABLE I.—Chemical Composition of 
Carbide Lime Slurry 
As Pur. | Converted 


“aye | drous Basis 
| (¢ o) 
Calcium (as CaO). ....... 72.60 93.30 
Silica (as SiQz)........../ 2.88 | 2.97 
Iron and alumina (as R.O). | 1,29 1.67 
Magnesium (as MgO)..... 0.39 0.50 
Carbon dioxide........... 1.30 1.65 
Combined water..........) 22.60 0.00 
100.09 


100.51 
Transportation 
The possibility of leasing railroad 
tank cars was investigated and the 
freight rate found to be favorable; 
however, there were no tank ears avail- 
able at the time. Consideration was 
given to the purchase of special equip- 
ment, but due to the possible delays 
in purchasing a heavy tractor and be- 
cause the availability of the material 
and its suitability for use in the De- 
troit sewage treatment plant had not 
been proven, this investment was post- 
poned. The means of transportation 
selected and still in use is the employ- 
ment of a cartage company as a set 
price per gallon of material hauled. 


Equipment at Sewage Plant 


In order to provide facilities for 
delivery of the slurry at the plant a 
3-in. hose connection was provided out- 


side the basement of the Chemical 
Building. This was connected to the 


suction side of two pumps which were 
already available as standby equip- 
ment for other processes. One of these 
pumps was a closed impeller, high 
pressure water pump. It was found 
to be unsuited for pumping lime slurry 
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and delivered only about 20 per cent 
of its rated capacity. The other pump 
installed was a Chicago ‘‘Seru-peller’’ 
erease pump. This unit has proven 
itself entirely suited for the purpose. 
An additional pump of this type was 
used to replace the high pressure water 
pump for this service. 

The pebble lime installation at this 
plant provided four vertical cylindrical 
storage tanks of 60 tons capacity each. 
These were investigated structurally 
and found suitable for the storage of 
12,000 gal. each of carbide lime slurry. 
It was decided to convert two of the 
tanks for this usage and retain two 
tanks with complete appurtenances for 
pebble lime storage. The Bindicators 
on the converted tanks were removed 
and overflow piping provided at the 
12.000-gal. level. As compressed air 
was available for agitation it was de- 
cided to give this method a trial instead 
of purchasing a mechanical agitator. 

The Fuller valve was removed from 
these tanks and a heavy plate secured 
to the bottom flange with a 3-in. con- 
nection for removing the lime slurry. 
The 3-in. slurry line runs to a sediment 
trap (12 in. in diameter by 18 in. high) 
where particles of lime scale and clink- 
ers can be deposited. A drain and 
plug valve are provided at the bottom 
of this trap. Two 2-in. pipe lines run 
from the top of this trap to the sludge 
conditioners. A constant level weir 
was considered as a feeding device but 
it was decided to avoid the continuous 
pumping that would be necessary. 
Initially orifices were tried as a means 
to regulate the flow of slurry into the 
conditioner. These consisted simply of 
a plate with various sized holes, bolted 
to the end of a pipe. This was given 
up due to frequent plugging. 

A feeding mechanism which gives 
valve openings in proportion to bucket 
elevator revolutions was then devised. 
This was effected by installing a cam 
on the ferric chloride Proportioneer 
shaft. The cam actuates a push rod 
that opens a quick-acting valve which 
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is returned to its closed position by 
means of a spring. The quick-acting 
valves are l-in. and 114-in. standard 
quick-acting double-disc gate valves. 
Due to the great number of cycles of 
opening and elosing it has been difficult 
to maintain the valve packing in good 
condition. The latest development 
made along this line is a slide valve 
spigot of the type used for heavy oils 
and molasses. This is actuated by a 
cam and push rod mechanism of the 
same type described for the quick-act- 
ing valves. It has had a fairly short 
trial but promises to be proving 
highly satisfactory. 


Operation with Carbide Lime Slurry 


The method of approach in this con- 
version was to make a minimum outlay 
for equipment and material at the 
start until the economies of the lime 
slurry were proven. The devices pro- 
vided initially were fairly crude and 
there has been a gradual improvement 
in the piping system and in the meth- 
ods of control. Tests with orifices 
showed that under careful control the 
dosage could be made practically equal 
to that required with pebble lime. By 
operating one conditioner and two 
filters on carbide waste and similar 
equipment on pebble lime, an excellent 
comparison was obtainable under con- 
ditions as nearly identical as possible. 

The deposition of lime on vacuum 
filter cloths, screens and tubing was 
found: not to be excessive. It has been 
found necessary to clean the sediment 
trap and flush the slurry pipe lines 
on a regular schedule which is routine 
with each shift. A part of this schedule 
ineludes alternating the use of storage 
tanks. 

The original air agitation system was 
found not entirely successful due to 
the occasional plugging of the air lines 
at the bottom of the tanks. Air agita- 
tion is now provided by means of a 
hose inserted at the top of the tank with 
its outlet weighted and lowered to the 
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bottom of the tank. This is easily re- 
moved for cleaning and has given no 
difficulty with plugging. A float level 
indicator has been provided in each 
tank and observations are made hourly 
to determine the amount of material 
used. 

Because of the variation in concen- 
tration of the slurry as hauled, and 
the dilution by gland-seal water from 
the pumps, it is necessary to obtain 
the CaO content of the slurry as it is 
delivered to the conditioners. This is 
done three times during each 8-hour 
shift. The quantity of slurry de- 
livered to the plant is usually three 
or four truck-trailer loads daily. The 
volume of the trailer is 3,400 gallons. 
The basis of payment for the slurry 
is the same as that described by Mr. 
Leonhard for the Wyandotte plant. 
The transportation cost is paid directly 
to the cartage company. Converted 
to a CaO basis the slurry usually con- 
tains 2 to 2.5 lb. of CaO per gallon. 


Comparison Between Carbide Lime 
Slurry and Pebble Lime 


The dosage can be made approxi- 
mately equal to that obtained with 
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pebble lime on a CaO basis. This was 
not achieved on a 24-hour operational 
schedule at this plant, however, until 
about March, 1947. The facilities now 
provided make possible (1) the ex- 
peditious unloading of the truck-trailer, 
(2) pumping only during the unload- 
ing period, (3) adequate storage fa- 
cilities amounting to 24,000 gallons, 
(4) gravity flow to the conditioners, 
(5) reasonably accurate control of 
chemical dosage, (6) relatively small 
usage of compressed air, (7) no opera- 
tion of slaker motors, (8) no use of 
hot water. 

The ferric chloride dosage was found 
to remain relatively unaffected by the 
kind of lime used. 

The life of filter cloths has not been 
noticeably affected. The average cloth 
life is approximately 330 hours. 

The cost varies with the concentra- 
tion of the solution. Hauling of water 
cannot be obviated. The cost on a 
CaO basis, delivered to the plant, is 
about half that of pebble lime. Taking 
other factors into account the cost of 
chemicals per ton of dry sewage solids 
is on the average approximately 25 


TABLE II.—Comparative Operation Data on Use of Carbide Lime Slurry and Pebble Lime 








Mixed Sludge Conditioned! 











for Sludge Conditioning at Detroit, Mich. 


Chemicals Cost? 
Per Ton Sewage | 
Solids, Dry Basis 


Chemical 
Dosage, 














| y Dry Basis — Mite 
- | Temp. | Raw ae Siietare fe a | ($) on 
Period Sewage | aj CT (Ib./sq. 
| (deg. F.)| —_—_|_ ai ~-y Lime Pebbl Carbid | ft./hr.) 
} eae _ - af -ebble ‘arbide | 
| Pi a oe Solids Vol. : o 4 rs : | Lime and Lime and 
| Total | Total | vo) (%) FeCls eC 
Mar., 1946 | 53 | 80 | 20 | 7.39 | 61.95) 7.60 | 2.80 0 | 2.13 6.6 
Apr., 1946 | 57 | 84 | 16 | 8.38 |66.47/680| 240} 0 | 186 | — | 70 
| | ey oe ‘Ses SECoeEs GEES | | tas 
Mar, 1947} 51 | 79 | 21 | 877/615 | 808/190] 70 | 1.79 | 137 | 50 
| a oe. ae | | 
53 | 81 | 19 | 9.10 |55.9 | 890/180} 100 | — | 131 | 5.5 
} | | | 


Apr., 1947 | | 
i 





1 Approx. bicarbonate alkalinity mixed sludge 1,100 to 1,200 p.p.m. 


2 Cost of chemicals on 1947 basis (delivered to plant): 





Ferric chloride 
CaO pebble lime 





$44.40 per ton 
$11.70 per ton CaO 


CaO carbide lime—$ 6.50 per ton CaO (March, 1947) 
CaO carbide lime—$ 5.70 per ton CaO (April, 1947) 











Vol. 19, No. 5 


to 40 cents lower with the use of ear- 
bide lime. 

The use of carbide waste lime slurry 
has been given a fair trial. The results 
for comparable months are shown in 
Table II. The approximate percentages 
of sludge conditioned by carbide lime 
during the period November, 1946 to 
April, 1947 was November—35; De- 
cember—50; January—35 ; February— 
50; Mareh—70; April—100. 

It is intended to maintain a supply 
of pebble lime for standby. This will 
be run out of the storage bin at times 
of low carbide slurry supply, or at 
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such time as it should show signs of 
deteriorating. Otherwise it is intended 
to utilize the carbide slurry for as 
nearly 100 per cent of sludge con- 
ditioning as possible. 


Conclusions 
The use of carbide lime waste slurry 
at the Detroit plant has proved it to 
be as suitable for sludge conditioning 
It has been possible 
with less power 


as pebble lime. 
to use the slurry 
equipment in continuous operation, it 
is eapable of easy handling, and is 
effecting a decided economy. 








EXPERIENCES IN THICKENING AND DRYING 
OF SLUDGE * 


By THomas R. KoMLINE 


President, Komline-Sanderson Engr. Corp., Ridgewood, N. J. 


Spray drying of thickened digested 
sludge with solids content of 12 to 15 
per cent has been practiced success- 
fully at Plainfield, N. J. since 1938. 
The process is simple, rugged and de- 
pendable, and would appear to be an 
ideal method for drying and burning 
of sludge provided that it would oper- 
ate on filter cake. There was no op- 
portunity in the past for any experi- 
mental work in this direction because 
(1) the patent situation was clouded, 
and (2) the Plainfield sludge is not 
particularly amenable to vacuum fil- 
tration. 

The first condition was brought about 
by the fact that the original promoters 
of the apparatus took out a_ basic 
patent on the spray drying of sewage 
sludge. Their equipment, adapted 
from the food industry, was not sturdy 
enough to stand up in daily operation 
and the operators at the Plainfield 
plant designed, built and installed ma- 
chinery that proved satisfactory. The 
improved machinery stood the test of 
time, but it was only recently that 
licensing arrangements were completed 
so that this type of drier could be of- 
fered for use in the sewage works field. 

With respect to the filterability of 
the sludge, a series of tests had been 
made on a small filter indicating that 
conditioning could best be carried out 
with a dosage of 12 to 14 per cent 
ferric chloride. Lime, or lime and 
iron in combination, gave a filtrate of 
poor quality, and there was apparently 
a tendency for the filter cloth to blind. 


* Presented at Joint Meeting of the New 
York State Sewage Works Assn. and New 
England Sewage Works Assn.; Albany, N. Y.; 
May 26-27, 1947. 
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Despite potential filtration difficulties 
the clearing of. the patent situation 
made possible an investigation of the 
question of spray-drying of filter cake, 
and permission was obtained from the 
Plainfield Joint Meeting to conduct a 
series of experiments over a 6-month 
period utilizing the existing drier to 
process the cake. 

In addition to the broad question of 
whether it was feasible to dry filter 
cake, a number of other points were 
to be investigated in the course of the 
program : 


1. To examine the practicability of 
sludge filtration through parallel 
cords laid in corduroy fashion, rather 
than through fixed woven cloth. 

2. To investigate possible simplifica- 
tion of the conventional system of 
evacuation of air and filtrate from the 
vacuum filter. 

3. To fix necessary spray bowl speed 
for proper atomization of the sludge 
cake, and determine whether peripheral 
speed rather than rotative speed was 
the criterion for atomization. 

4. To analyze the thermal cycle of 
the drier to determine whether the 
burning of the dried sludge would re- 
lease sufficient heat to dry the wet cake 
without the use of auxiliary fuel. 

5. Perhaps most important of all, to 
attempt to develop engineering con- 
stants and equipment that might be 
applied to all sludges with confidence. 


Cord Filter Studies 


A 150 sq. ft. vacuum filter was 
equipped with the Titeflex-Wright 
cord attachment, which is composed 
of a series of rollers, aligning combs 





Ve 


ar 
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and two wash water headers, placed in 
front of the filter. Braided cord 
(5/32 in.) is threaded around the 
rollers and over the drum in corduroy 
fashion to form the filtering medium, 
the rollers being so arranged that the 
cords are washed prior to being re- 
turned to the drum. Approximately 
17,000 ft. of cord were used in winding 
the machine, this being shrunk to 
13,600 ft. by boiling for one minute 
as it was being wound on the drum. 

In the operation of the filter the 
scheme of filtration through the inter- 
stices of the cords proved to be an 
immediate success, but some difficulties 
were encountered in that (1) the 
aligning combs collected particles of 
sludge which would occasionally ride 
through with the into the 
vrooved rollers, causing jumping of 
the cords, and (2) addition of iron as 
a coagulant resulted in violent foaming 
of the conditioned sludge, carbonates 
in the sludge reacting with the iron 
to form CO,. After several hours 
of operation this foam accumulated 
in the filter vat to the extent that it 
strangled the flow of conditioned 
sludge to the filtering media. 

The first condition was corrected 
by better washing of the cords and 
rearrangement of the aligning combs 
so that any particles getting past the 
wash operation would drop off the 
combs rather than accumulate on them. 
The foaming condition was alleviated 
after considerable experimentation by 
use of a five-bladed agitator which 
does not actually break up the foam 
but helps distribute it over the filter 
so that it does not accumulate in the 
vat. The foam is picked up along 
with the conditioned sludge and does 
not give up any water, but appears as 
a froth on the surface of the cake. 

An interesting development with re- 
spect to the disposal ef the water used 
in washing the cords was to divert it 
directly back into the conditioned 
sludge, pulling the water out along 
with the filtrate. An exceptionally 


cords 
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clean filtrate is obtained at Plainfield, 
containing 20 to 30 p.p.m. suspended 
solids, and this method of handling 
the wash water obviates any operating 
difficulty arising from disposal of pos- 
sibly dirty wash water. 

With reference to point two of the 
program, the problem of evacuation 
of the filtrate plus entrained air from 
the filter provided some interesting 
work. The work was started with the 
conventional system utilizing separate 
filtrate pump, vacuum pump, receiver 
and usual piping, but an investigation 
of the problem disclosed a style of 
pump available that would evacuate 
air, filtrate and wash water in a single 
operation. Such a unit was purchased 
and is operating with extreme satis- 
faction. From a design standpoint the 
pump is obtainable in capacities to 
operate efficiently on filters ranging 
in size from 50 to 400 sq. ft., with 
power consumption at 0.10 to 0.12 h.p. 
per sq. ft. of filter surface. 

Another point of interest came up 
in the conditioning and filtration of 
the sludge. As stated before it was 
determined that 12 to 14 per cent 
ferric chloride was necessary for 
proper conditioning of the sludge over 
a cloth filter. In contrast to this figure 
the sludge is now being filtered with 
an iron dosage of 5 to 6 per cent, at 
a rate of 7 Ib. per sq. ft. per hour. 
The only present explanation for this 
phenomenon is that the parallel runs 
of cord serve to augment or aid the 
natural drainage property of the 
sludge, allowing filtration with reduced 
quantities of coagulant. This point 
should be checked by work at other 
plants where comparisons may be made 
between cord and cloth filters. 


Spray-Drier Studies 


With reference to the spray-drying 
of the filter cake the basic problem was 
to find a way to introduce the material 
to the spray bowl, and to do this a 
physical property of filter cake that 
has been observed in a large number 
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of plants is utilized. As the sludge 
leaves the filter in the form of a cake 
it appears to be stiff and unworkable, 
but actually when slight pressure is 
applied the sludge is easily extruded. 
In practice the cake is pushed through 
two 6-in. pipes onto the spray bowl, 
where it is broken up into small par- 
ticles for rapid evaporation of the re- 
maining water. Approximately 15 
h.p. is required to spray a cake of 70 
to 75 per cent moisture content at a 
rate of 1,000 lb. dry solids per hour. 

There has been considerable conjec- 


ture over the atomizer speed neces- 
sary for proper atomization of the 
sludge. The unit is presently oper- 


ated at 9,200 r.p.m., and the reliability 
of the apparatus is attested to by the 
fact that the original atomizer built 
in 1938 is still in use, with no spare 
required, and no repairs needed ex- 
cept to replace bearings every ten to 
twelve months at a cost of $20. How- 
ever, if the unit could be operated at 
3,500 r.p.m. the frequency changer 
could be dispensed with, and some 
work was done at this lower speed, 
using 60 ecyele current. The work in- 
dicated that peripheral speed of the 


spray bowl was the criterion for 
proper atomization rather than rota- 
tive speed, and that satisfactory 
atomization could be obtained at 


3,500 r.p.m. with a 21-in. bowl. The 
motor horsepower developed at 3,500 
r.p.m. was insufficient for continuous 
operation and the final answer on this 
point awaits the procurement of a 
motor delivering 15 h.p. at this lower 
speed. 

Thermal drier is 
relatively simple and foolproof. First, 
the amount of water to be evaporated 
per hour is determined. This gives us 
(1) the size of the spray chamber, (2) 
the amount of air circulation necessary 
and size of main circulating fan, and 
(3) B.t.u. needed for operation of the 
apparatus. The heat requirement in 
turn gives the size of the furnace nec- 
essary, allowing 1 cu. ft. furnace vol- 


analysis of the 
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ume per 15,000 B.t.u. release per hour. 
Fuel may be dried sludge, oil, coal or 
gas. If the sludge is to be burned the 
size of the pulverizing fan is deter- 
mined from the dry solids handled per 
hour, and if some or all of the sludge 
is dried for use as fertilizer base auxili- 
ary fuel burning equipment is chosen 
to suit local conditions. 

To illustrate the above, assume that 
it is desired to process 1.000 Ib. dry 
solids per hour in the form of filter 
cake of 72 per cent moisture content. 
The filter cake will weigh 3,600 Ib., of 
which 2,600 lb. is water to be evapo- 
rated (neglecting approximately 125 
lb. water remaining in the dried prod- 
uct). This water can be removed in 
a spray chamber 28 ft. in diameter by 
24 ft. in depth, operating at 900° F. 
inlet temperature and 250° exhaust, 
with air circulation of approximately 
5,900 ¢.f.m. at 250°. At 60 per cent 
thermal efficiency it will require 
1,800 X 2,600 B.t.u. = 4,700,000 B.t.u. 
per hour input to the furnace to oper- 
ate the drier. If the dried sludge were 
to be burned the operation would be 
in balance if the sludge had a heating 
value of 5,000 B.t.u. per Ib. as fired. 
This is within range of the usual di- 
gested sludge. Furnace size would be 
315 cu. ft., and would be 6 X 6 x 9 ft. 
in dimensions. 

With respect to flexibility to meet 
future growth or unexpected solids 
loading, the actual design of this unit 
would call for a furnace possibly 50 
per cent larger, and the circulating fan 
would be belt driven and specified in 
a size that would permit increasing 
the air handled up to 15,000 e.f.m. by 
increasing the motor size and changing 
the pulley ratio. The spray chamber 
is adequate to evaporate up to 4,000 
lb. water per hour; its minimum diam- 
eter being determined by the fact that 
in a smaller chamber, such as at Plain- 
field, the spray impinges on the side 
walls of the chamber, causing some 
charring and consequent blue haze in 
the exhaust. 
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Costs 


With reference to operating costs 
and power requirements, when the unit 
operates as a drier costs are made up 
as follows on the basis of processing 
1,000 Ib. dry solids per hour : 


1. Labor at $1.00 per hour .......... $1.00 
>. Power, 30 BW. Ot) 2598 sos oc eens 0.75 
3. Fuel, $1.00 per million Btu. ...... 4.70 
BWA ERUCR MOG. <6 ci clenqnis sais lees wie 0.10 

$6.55 


When drying and burning the costs 
become : 





By RNRNB I a ha ha. cat sinha Atak oe he Sores ee IOAS $1.00 
2. Power, 40 kw. at 2.06 vscccccsieees 1.00 
Fer RIO ia cea & Ss ecevece 0 sinosceie ease 0.12 

$212 


When burning the sludge more 
power is required because the dried 
sludge is passed through a pulverizing 
fan before burning to assure ignition. 
The maintenance figure is increased to 
take care of the wear on this unit. 

On a dry ton basis these figures be- 
come $13.10 for drying alone and 
$4.24 when burning the sludge as fuel. 
These figures use high present day 
costs for labor and fuel, and do not 
necessarily represent costs for all in- 
stallations, since more material may be 
processed by the same labor, and 
power and fuel may be cheaper in 
other areas. Power requirements are 
proportionately less when operating on 
larger quantities of material. 

The same design approach may be 
applied for larger capacities, in which 
it may be desirable to increase the size 
of the spray chamber and place two, 
three or four atomizers within it, lead- 
ing separate heat ducts to each atom- 


izer to obtain proper mixing of the 
sludge droplets and drying gases. 


This multiple atomizer design affords 
a large capacity in a single unit build- 
ing with a reasonable capital invest- 
ment. 

Referring back to costs of condition- 
ing and filtering, up to 60 lb. of ferric 
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chloride is required per 1,000 lb. dry 
solids, with a total connected load of 
20 kw. for metering and mixing sludge 
and coagulant and driving the filter 
and vacuum pump. With iron at $200 
per ton the cost becomes $6.50 per 
1,000 Ib. solids, or $13 per dry ton. 


Incidental Observations 


Before concluding, it is interesting 
to look back on the work from the 
standpoint of mistakes that were made 
along the way. 

First, the plunger type sludge pump 
metering the sludge to the condition- 
ing tank had a positive suction head 
of 12 ft. total. The effect of this was 
to permit a portion of the sludge to 
lift up and then flow past the ball 
valves, nullifying the metering effect. 
The solution to place a sump in 
the line and arrange the piping so 
that the pump had to lift the sludge. 
This sump has been of value in making 
capacity tests on volume of material 
handled. 

Second, it was found most imperative 
to keep the sludge moving, both before 
and after conditioning, to prevent 
classification and agglomeration. 

Third, coagulating chemicals must 
be constantly and uniformly applied, 
with provision for screening of coagu- 
lant solution to prevent clogging with- 
in passages of the proportioning pump. 

Fourth, provision for agitation of 
the sludge within the filter vat should 
always be provided. The entire sub- 
ject of filter vat design and piping 
arrangement for best application of 
sludge to the filtering medium requires 
more research. 

Fifth, the conditioning tank should 
be provided with vertical mixing arms, 
in series, suspended and driven from 
above the tank, much like the labora- 
tory jar units, to obviate the need of 
stuffing boxes. The stuffing boxes will 
always suffer leakage of the water 
separating from the sludge, causing 
unnecessary nuisance. 


was 
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Sixth, with respect to the filter, the 
original cord was purchased on a com- 
petitive basis, and in winding it on the 
drum defective splices or parts were 
found in the rope every 150 feet. By 
a happy coincidence the same style of 
rope is used in rug mills for power 
transmission, and fortunately it was 
possible to secure the services of a 
mechanic who demonstrated how to 
make quick, serviceable splices. Speci- 
fications for the cord in the future 
will require less splicing in the field. 

Seventh, in future installations the 
vacuum filter and drier atomizer should 
be placed on a common operating floor 
to facilitate operation and cut labor 
When placed together the two 
units can be operated by one man in 
capacities up to 2,000 Ib. dry solids 


costs. 


per hour. 


Conclusion 


It is believed that the development 
work at Plainfield has possibly con- 
tributed some answers to the diffi- 
cult problem of sludge dewatering, 
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drying and incineration that (1) may 
be applied to a variety of sludges with 
confidence and assurance that the 
equipment will operate as planned, and 
(2) is adaptable for operation by semi- 
skilled personnel. 

The vacuum filtration of sludge is 
essentially a problem in chemistry and 
hydraulics. The choice of proper 
coagulants still remains a local prob- 
lem, but the consultant now has avail- 
able a filter in which the media re- 
tains a uniform hydraulic condition, 
allowing for constant solids output. 
This feature is of definite value in the 
operation of driers and incinerators. 

A simple means for handling of air, 
filtrate and wash water has 
evolved that is applicable to filters up 
to 400 sq. ft. in size. 

Finally, it has been demonstrated 
that filter cake can be spray dried 
with the same basic equipment that 
has proven to be dependable over a 
period of years in operation on thick- 
ened sludge, and constants have been 
derived that enable this apparatus to 
be utilized in future plant designs. 


been 








REGULATION OF INDUSTRIAL USAGE OF 
MUNICIPAL SEWERS * 


By CLYDE L. PALMER 


Senior Associate Engineer, Sanitary Division, City Engineer’s Department, Detroit, Mich. 


It is contended in some quarters that 
there is no justification for controlling 
the use of sewers in any way, and that 
the promulgation of sewer use controls 
is merely an exercise of bureaucratic 
vovernment for the simple purpose of 
placing a heavier burden on industry 
and making life more unpleasant for 
the innocent. For those who are 
charged with the responsibility of ad- 
ministering or operating a sewer sys- 
tem and treatment plant serving an 
industrial community, the need for 
sewer use control is very apparent. It 
is believed, however, that an impartial 
consideration of all the facts would 
leave few if any points of contention 
between these two groups. 


General Considerations 


Modern sewage works are designed 
principally for the collection, transpor- 
tation, and treatment of sanitary sew- 
age, for which purpose they are quite 
satisfactory ; they are not designed for 
or well adapted to the collection and 
treatment of all of the many and ever- 
changing waste products of industrial 
and commercial processes. 

It has been contended that munici- 
pal sewage works should be designed 
and built to take any and all industrial 
wastes in addition to the usual do- 
mestie sewage. It will become obvi- 
ous when examined on the basis of 
economy that the cost of such a system 
would be prohibitive as compared to 
the treatment of certain industrial 
wastes before introducing them to the 
Sewer system. 





“Presented at 22nd Annual Conference, 
Michigan. Sewage Works Assn.; Jackson, 
Mich.; May 16, 1947, 
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For instance, in order to allow acid 
wastes to be discharged into the sew- 
ers untreated, Detroit would be faced 
with the following problems, which 
are only two of many that would have 
to be solved. 

Iron pickling wastes are highly acid 
and, in addition, have a very high 
chlorine demand as a result of the fer- 
rous iron content. The ordinary chlo- 
rine demand of the sewage received at 
the Detroit plant is in the range of 4 
to 6 p.p.m.; however, at certain times 
and for varying periods, pickling 
wastes increase the chlorine demand to 
as much as 100 p.p.m. 

If Detroit had to provide facilities 
for dosing chlorine at a rate of 100 
p.p.m. it would mean enlarging the 
present installation, now said to be the 
largest in the world, at an estimated 
additional expenditure in the neighbor- 
hood of $2,000,000. 

In order to transport these acid 
wastes through the sewers to the treat- 
ment plant, the structures would have 
to be constructed of acid resisting ma- 
terials. Detroit has 600 miles of pub- 
lic sewers, ranging in size from 4 ft. to 
16 ft. inside diameter. The cost of 
linine these structures with vitrified 
tile is estimated to be about $16,000,000. 

Although the above described prob- 
lems no doubt could be solved in sey- 
eral ways, the fact still remains that 
an entire municipal system would have 
to be specially built and operated to 
handle relatively small quantities of 
damaging material. 

In addition to the economic justifi- 
eation for regulation of sewer usage, 
there are many technical difficulties to 
be solved in connection with industrial 
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waste treatment methods. These prob- 
lems become increasingly difficult as 
the proportion of industrial wastes in 
the total sewage flow increases. 

There will probably be no question 
as to the justification of sewer regula- 
tions with reference to those limita- 
tions which obviously protect and pro- 
mote the peace, health, safety, and 
welfare of the community. Actually, 
all sueh regulations are in the final 
analysis based on this premise. 

Assuming that sewers and sewage 
treatment plants are primarily in- 
tended to collect, convey, and treat 
domestic wastes, it follows then that 
waste and refuse from industrial proc- 
esses, insofar as they create an unusual 
load on the system, constitute a super- 
imposed service for which municipal 
systems are not designed. 

The ‘‘Standards and Regulations 
Controlling the Discharge of Indus- 
trial or Commercial Type Wastes into 
the Detroit Sewer System’’ are based 
on the reasoning that industrial wastes 
that create loads on the sewer system 
or treatment plant beyond reasonable 
limits require extraordinary service, 
for which the municipal system is not 
designed or obligated to furnish. 

As a practical matter consistent 
with good public policy, it certainly 
appears reasonable to allow, as a mini- 
mum, such industrial wastes to enter 
the sewer system as would be equiva- 
lent to the load and effect of the aver- 
age sanitary sewage. In addition to 
this minimum service, it would appear 
that any further service that could be 
extended to producers of industrial 
waste that would not place unusual or 
damaging loads on the municipal 
system could be justified, provided no 
discrimination would result between 
the different classes of users. 

Detroit has designed its sewer ordi- 
nance requirements on the above 
premise, and they are believed to be 
the maximums of service that can be 
tolerated in the sewers and treatment 
plant without damage to the struc- 
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tures, function or process, or without 


discrimination between’ classes of 


users. 


The Detroit Ordinance 


The Charter of the city of Detroit 
was conferred under Act 279 of the 
1909 Publie Acts of the State of Mich- 
igan and adopted by the citizens of 
Detroit on June 25, 1918. 

Among other things, it provided 
that the Common Counceil’s legislative 
duties include the enactment of ordi- 
nanees to put into effect and make 
operative the provisions of the Charter 
to promote the peace, health, safety, 
and welfare of the city. 

The Charter also provided for a 
Commissioner of Public Works, au- 
thorized to construct and maintain all 
sewers and to have charge of the dis- 
posal of sewage, and a City Engineer 
under the supervision of the Commis- 
sioner of Public Works to have charge 
of all civil engineering for the depart- 
ment. 

On the basis of the above statute and 
legislation, the Common Council has 
adopted an ordinance prohibiting the 
discharge or depositing of ‘‘deleteri- 
ous’’ substances into the sewers of the 
city. The regulations defining such 
‘*deleterious’’ substances have been 
presented in a previous paper (1). 


Administration of Regulations 


In implementing the control pro- 
gram, it was not found necessary for 
the city to activate any new adminis- 
trative bureau, as there were already 
iti existence several agencies whose ac- 
tivities were closely allied to the prob- 
lem and could be adapted to the new 
finetion. The entire program _ is 
usider the direction of the City Engi- 
neer’s office. 

‘The City Engineer’s Sanitary De- 
sitn Division receives all reports and 
foliows the progress of abatement 
thtough the various agencies involved 
until the abatement is completed. It 
méy also initiate action to recover cost 
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of any damage that may: have resulted 
from a violation. The division also 
takes the initial steps in investigations 
to discover violations. 

The City Engineer’s Inspection Di- 
vision, through its Sewer Safety Crew, 
makes all field investigations and tests, 
and reports to the design division and 
the ageney having jurisdiction. 

The Fire Department investigates all 
reports referred to it where flammable 
liquids or explosive gases are involved, 
and takes the necessary steps to abate 
a violation. 

The Department of Buildings and 
Safety Engineering, Plumbing Di- 
vision, investigates all reports referred 
to it where a ‘‘deleterious’’ substance 
is being discharged to the sewers from 
private preperty, and takes necessary 
steps to abate a violation. 

The Sewer Maintenance Division in- 
vestigates all reports of damage to 
sewer structures referred to it, and re- 
pairs the damage after the abatement 
has been accomplished. 

The Health Department investigates 
all reports referred to it where a haz- 
ard to publie health is involved, and 
takes necessary steps to abate viola- 
tions. 

Laboratory facilities are available 
for the use of the agencies involved in 
the program at the sewage treatment 
plant and in the Department of Build- 
ings and Safety Engineering; also, 
the Inspection Division makes use of 
a commercial laboratory when neces- 
sary. 


Experience with Regulations 


Although Detroit has had the basic 
elements needed for controlling the 
use of its sewer system, these had not 
been coordinated into a definite pro- 
gram until late in 1946. Previous to 
that time, sewer regulation was on a 
complaint basis. 

Complaints from private sources still 
result in the making of numerous in- 
vestigations; howevei, the most effec- 
tive results have been obtained by 
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means of either the routine inspection 
of sewers carried on by the Sewer 
Safety Crew as a part of the control 
program, or by the investigations di- 
rected from the City Engineer’s Sani- 
tary Design Division and conducted as 
industry-wide surveys of suspected 
processes. 

The Detroit program has been in 
operation but a very short time; thus 
the results that have been accom- 
plished seem small when considering 
the magnitude of the work yet to be 
undertaken. 

As could be expected, some adminis- 
trative problems have arisen. Al- 
though the facilities of well-established 
agencies were employed in implement- 
ing the control program, the activity 
was in a new field and equipment and 
personnel had to be adjusted to the 
new procedures. This problem is 
being met and will soon be eliminated. 

Because of the need for training 
personnel and also to establish sound 
legal precedent, it has been decided to 
concentrate all of the control activities 
on those parts of the standards and 
regulations where damage _ resulting 
from violations could easily be demon- 
strated in the event that legal action 
was necessary. As a result of this de- 
cision, almost all of the activities of 
the control program to date have been 
devoted to the abatement of violations 
involving the discharge of acids, oils, 
and explosive gases into the sewer 
system. 

Since the start of the program, seven- 
teen cases have been under investiga- 
tion where strongly acid wastes were 
being discharged to the sewers, and of 
this number, compliance has been ob- 
tained in all but one case. In the 
sixteen cases where abatement was ac- 
complished, four had to be taken to 
court and the record is now being 
prepared against the one case that has 
not as yet complied with a notice of 
violation. The case that is now being 
prepared involves a condition where 
tests indicated a strong acid discharge, 
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but actual damage has not vet occurred. 


For that reason particular care is 
being taken to substantiate the evi- 
dence thoroughly before legal action 


is entered. 

Four oil refineries 
sewer district have been under 
gation as a result of numerous com- 
plaints from residents of the area, and 
also because of the hazard caused at the 


located in one 
investi- 


sewage pumping station serving the 
particular system to which the refiner- 


ies are connected. Abatement in this 
ease has been hindered somewhat by 
the difficulty in solving the refineries’ 
problem; however, the case is being 
handled by the Fire Department, which 
recently reported that the companies 
involved have been ordered to install 
more adequate facilities for intercept- 
ing their waste oils and that they are 
now preparing plans for approval. 

Although it is not always the ease, 
explosive gases in sewers usually origi- 
nate from highly volatile oils that are 
being wasted to the sewers. Numerous 
complaints of gas odors are investi- 
gated, but very few are found to be 
in the range of explosive mixtures. In 
most cases, the characteristic petro- 
leum-like odor of sewage is reported 
as gas and investigation discloses that 
generally a defective trap allows the 
odor to enter the building where it is 
detected. The importance of investi- 
gating all such complaints of gas odors 
is obvious, although, for the most part, 
they are not of serious nature. 

As an illustration of the effectiveness 
of a coordinated control program, the 
Sanitary Design Division reviewed the 
record of gas odor complaints and 
found that 27 of them had been re- 
eeived over a period of time from one 
The office study indi- 
cated that one contributing source 
should be investigated. <A field sur- 
vey was made, and it was found that 
the substance (a_ volatile solvent) 
causing the complaints was being 
wasted to the from one par- 


very small area. 


sewer 
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company. The violation was 
abate§ without resort to legal measures 
and rp further complaints have been 
receiv§d from the area. 
Conclusions 
Altfough the control program at 


Detro* has been intentionally directed 
at thie specific classes of violations, 
numelpus inquiries have been received 








from {industry requesting investiga- 
tions 4nd advice as to whether certain 
other Kubstances could be wasted to 
the se\per system without causing dam- 


age. In general, the experience to date 
indicajes that, for the most part, in- 
dustry, is willing and ready to co- 
reas with a reasonable control pro- 
gram,§and such resistance as does 
develop will be converted in time by 
educatgonal methods, although, in the 
early jtages, the program may have to 
be supsported by legal action. 

The problem of maintaining satis- 
factory operating results after the 
initialy step of providing corrective 
treatmpnt facilities has been accom- 
plisheg will grow in importance and 
magnifude as time goes on and more 
individual plants are installed and op- 
erated; It appears that this function 
of the tontrol program will become the 
principal activity after a more or less 
if acceptance of the controls has 
been #ccomplished. To date, not too 
ereat & success has been won in the 
matter of getting consistently good re- 
sults ffom the processes that have been 
installéd. It is hoped that through 
mutual cooperation, and by the use of 
police powers only as a last resort, the 
effectiveness of the new facilities can 
be maintained at satisfactory levels. 
The necessity for continual vigilance 
appears inevitable, and should be con- 
templated in any control program. 
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REGULATION OF INDUSTRIAL USAGE OF 
MUNICIPAL SEWERS—A DISCUSSION 


By L. 


A. DANSE 


Supervisor, Materials and Processes Production Section, General Motors Co., 


Detroit, 


Mr. Palmer’s paper affords a lucid 
and reasonable basis of understanding 
regarding the possibilities of utiliza- 
tion of civic service sewer structures 
by industry in the locality. Industry 
will doubtless be grateful for this ex- 
planation, because it provides many 
points leading to mutual knowledge, 
upon which industrial sewer users had 
expressed uncertainty. 

Let it be said that industry, certainly 
insofar as the rather large group of 
General Motors divisional organizations 
are concerned, has no part in, nor 
sympathy with, the contention that 
sewer usage should not be controlled. 
General Motors employees are people 
of the communities in which their in- 
dustries are located, and they wish to 
be good citizens and not to constitute 
a nuisance in or to the community. 
(ieneral Motors being set up on the 
basis 01 an industrial democracy, the 
Divisions are independent, except in 
matters of policy, where there is close 
contact and connection with the Cen- 
tral Office. Being a democracy, Gen- 
eral Motors people are not too tolerant 
of efforts to install bureaucratic con- 
trols, but they certainly appreciate 
and make a sincere effort to sustain 
democratic efforts to improve com- 
munity functioning. Thus, the attitude 
responsible for the inauguration and 
continuation of the company’s Indus- 
trial Waste Control Group, whose re- 
sponsibility and duty it is to gather 
and distribute information regarding 
good waste treatment control and to 
promote compliance with reasonable 
public regulations. 

These things being the case, it was 
considered a privilege that the De- 
troit officials charged with the respon- 


Mich. 


sibility of setting up sewer controls 
requested the comments of the Indus- 
trial Waste Control Group, while 
formulating the ‘‘Rules and Regula- 
tions.’? Discussion on the proposed 
regulations was vigorous and was pro- 
ductive of much better mutual under- 
standing between corporation and 
municipal representatives. We believe 
these discussions actually resulted in 
more thorough coverage of the situa- 
tion by the rules and regulations, so 
as to eliminate misunderstandings on 
the part of industrial sewer users. The 
excellent cooperation of the Detroit 
city engineers, along the lines of pro- 
moting improved mutual understand- 
ing with industrial executives, should 
be a model for all those concerned 
with setting up sewage collection and 
treatment systems and with improving 
regulations for their use. 

It is manifestly impossible that any 
large municipal sewage or drainage 
system could be constructed so as to 
take any and all industrial wastes. 
Many industrial wastes are of such 
nature that they would be deleterious 
to the materials of construction com- 
monly used in sewers, or they would 
be hazardous as regards toxicity to 
those adjacent to the sewer structures ; 
hazardous because of possible explo- 
sion damage in or near the sewer strue- 
tures, a nuisance from the standpoint 
of noxious odors, or definitely disturb- 
ine or deadly to the activity of the 
sewage treatment processes. Accord- 
ingly, industry will understand that 
wastes which are deleterious or nox- 
ious should be pretreated before dis- 
charge into public sewer systems. 

The plain statements made by Mr. 
Palmer regarding chlorine demand and 
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acid-proof structures will be granted 
and will be agreed to as illustrating 
the moderate viewpoint of Detroit 
officials. 

In view of the fact that certain 
municipalities refuse to accept wastes 
other than domestic sewage, Detroit 
is to be congratulated for taking the 
temperate stand that industrial wastes 
can be taken up to the point where 
it becomes a hazard to sewer structures, 
safety, or treatment process activity. 

Obviously, if an industrial plant is 
located where there is a heavy domes- 
tic sewage flow, the wastes from such 
a factory would be less likely to cause 
trouble than where the plant is lo- 
eated in a district having a small or 
moderate flow, and the effluent from 
the industrial plant would be more 
strongly felt both by sewer structures 
and by sewage treatment processes than 
where there was a heavy flow. These 
facets and conditions make it mutually 
beneficial for industrial sewer users 
voluntarily to discuss with municipal 
sewer authorities the possibilities in- 
herent in the industrial users passing 
their plant wastes to the sewer system. 

With such a reasonable attitude as 
that displayed in the formulation of 
the Detroit municipal ordinance and 
regulations, industry can feel assured 
that its interests will be given consider- 
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ation before regulations are made ef- 
fective for sewer control. The De- 
troit regulations have been drawn so as 
to permit industrial effluents consider- 
ably beyond the effect of ordinary 
sanitary sewage, to an extent limited 
only by the ability of common sewer 
structures to sustain, and conventional 
sewage treatment practice to continue 
processing without interruption or 
difficulty. The group of officials who 
developed these Detroit regulations 
were ‘‘industry conscious,’’ and have 
developed the regulations so as to give 
industry every advantage short of one 
which would involve additional ex- 
pense to the municipality. The authori- 
ties have shown a disposition to assist 
industry in developing means to miti- 
gate its own difficulties and to eliminate 
its own perpetration of nuisance to 
community inhabitants and damage to 
city property. 

No diseussion or comment is being 
made on the Detroit standards and 
regulations, in view of the General 
Motors’ Industrial Waste Control 
troup having participated in _ their 
formulation. It is the conviction of 
the Industrial Waste Control Group 
that these regulations not only were 
fairly and reasonably drawn, but also 
they are being fairly and reasonably 
interpreted and applied. 


~ —<—- - 
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AN INDUSTRY INITIATES A WASTE CONTROL 


PROGRAM 
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By J. E. Cooper 


Supervisor, Water and Wastes Control Laboratory, Ford Motor Company, Dearborn, Mich. 


The Ford Rouge Plant, located in 
Dearborn, Mich., is recognized as one 
of the world’s largest industrial plants. 
Grouped into a single unit covering 


1,196 acres are blast furnaces, coke 
ovens, steel mills, paper mill, glass 


plant, foundry, and vast buildings ar- 
ranged to produce parts from pressed 
metal, forging operations, and finally 
to assemble them into the well-known 
Ford products. 

A few facts inserted here will illus- 
trate the enormous size of such an in- 
dustrial city: 


1. The buildings have a floor area of 
13,875,000 sq. ft. and contain 132 miles 
of conveyors. 

2. There are more than 135 miles of 
railroad within the Rouge Plant—one 
of the longest private railroads in the 
world. 

3. One and one-third miles of docks 
are needed to handle water-borne ship- 
ments, including upwards of 850,000 
tons of ore and 2,078,000 tons of coal 
a season. 

4. Ten open-hearth furnaces make 
steel for the rolling mill. Six have a 
capacity of 180 tons, 3 others 110 tons 
and one 400 tons. 

More than 538,000,000 gallons of 
water are used in one day’s operations. 


3. 


The raw water supply of the Ford 
Rouge Plant is taken from the Zug Is- 
land Channel of the Detroit River, 


Conference, 
Jackson, 


*Presented at 22nd Annual 
Michigan Sewage Works Assn.; 
Mich.; May 16, 1947. 
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passes through the screen house and 
then flows by gravity to the Rouge 
Plant via a 15-ft. tunnel. At the 
Rouge Plant it is pumped through the 
main condensers at the No. 1 Power 
House and then divided; one portion 
flowing to the high service pumping 
station and from there distributed for 
use throughout the plant, and the other 
portion passing directly down a 12-ft. 
tailrace tunnel to the Rouge River. 

The high pressure water distributed 
throughout the plant finds its way to 
the Rouge River through four other 
major outlets after passing through a 
myriad of smaller sewers in the plant. 

The wastes which are under study 
and survey are those which are in- 
herent and characteristic in the opera- 
tion of blast furnaces, coke ovens, steel 
mills, rolling mills, paper mill, glass 
plant, electro-plating, foundry, and 
the many machining operations con- 
suming oil and lubricants. These con- 
sist of spent steel pickling acids, am- 
monia still and final cooler wastes 
from the coke ovens, metal salts and 
eyanides from electro-plating, emulsi- 
fied soluble oils and lubricating oils 
from machining operations, paper mill 
fibers and asphalt from board making, 
iron ore dusts from the blast furnaces, 
and others. 

Sinee the technical data necessary to 
determine the proper solution to a 
waste disposal problem derive from 
the results of many thousands of sepa- 
rate laboratory determinations of a 
specialized nature, the Ford Motor 








Company proceeded to construct a spe- 
cial Water and Wastes Laboratory, 
fully equipped to handle such a 
project. 

This paper will attempt to describe 
this laboratory in detail, mentioning 
functions, methods used, equipment, 
and a brief description of the major 
problems encountered thus far in the 
wastes survey. 

Objectives 

It is the general overall plan to sur- 
vey completely all the manufacturing 
units which comprise the Rouge Plant 
and determine as completely as pos- 
sible what waste problems are involved. 
In a small industry this is a relatively 
simple matter but in the Ford Motor 
Company it is one of gigantie propor- 
tions and is exceedingly time-consum- 
ing. 

Bland (1) has indicated that the 
general procedure for attacking a 
waste disposal problem is divided in 
five fairly distinct steps: 

(a) Preliminary groundwork to de- 
fine the specific problem. 

(b) General study of the defined 
problem. 

(c) Deve'‘opment of treatment or 
disposal methods. 

(d) Design and construction of 
equipment. 

(e) Test of plant operation and sur- 
vey of effect on surrounding surface 
waters. 

There are generally two schools of 
thought on the methods of proceeding 
in an industry where a multiplicity of 
wastes occur. Briefly, these might be 
stated: 

(a) Determine all facts relating to 
one waste product and proceed with 
installation of treatment plants or 
measures to eliminate it completely as 
a problem before proceeding to the 
next, or 

(b) Make a complete and thorough 
survey of all wastes in the industrial 
plant and evolve a general plan de- 
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signed to solve fhe waste problem by 
planned progres}ive measures, taking 
into consideratiqh all factors such as 
economy, benef§s received, relative 
importance of v.jrious wastes, time in- 
volved for scien‘$fic research on meth- 
ods, and many o'ger factors relating to 
each individual Waste material. 


In the Ford | 
tive has been 












yuge Plant the objec- 
» follow the second 
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exception that when. 
a sanitary survey of 
it is found that meas- 
‘n immediately to re- 
n by a minor change 
edures, better main- 
Dine of a waste at its 
easures are put into 
effect as soon a:}possible. This results 
in a progressive pollution abatement 
program whichf{ accompanies the prog- 
ress of the oveiall survey. 

One of the main considerations for 
following the; second course more 
closely than th’e first is the possibility 
that the chemical or physical charac- 
terfstics of one waste may be utilized 
against another. An example miglit 
be the use of waste from an acetylene 
plant to neutralize spent acids from 
the pickling of steel or the cleaning of 
parts before plating. The advantages 
of such a plan are obvious. An in- 
dustry should receive all possible bene- 
fits from utilization of the waste prod- 
ucts from its plants rather than 
hastily construct uneconomical treat- 
ment plants which might easily become 
obsolete as their survey progressed and 
indicated a simpler but previously un- 
known or unrecognized method of 


waste disposal. 


course with the 
in the course o 
a specifie waste. 
ures can be ta’ 
lieve the prob! 
in operating p! 
tenance, or sto} 
source, these 1 


Organizational Plan 


There are many departments, sec- 
tions and units of the Ford Motor 
Company which have an active interest 
in industrial wastes, and as progress 
continues many others will be brought 
in as they become affected. At pres- 
ent there are three main groups which 
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are actively identified with waste con- 
trol: 


(1) Plant Engineering Department 

(2) Chemical and Metallurgical Re- 
search Department 

(3) Medical Section. 


As a matter of interest, a brief state- 
ment is included concerning the major 
interests and 
of these groups in the waste control 
program. 


responsibilities of each 


Plant Engineering Department 


The Plant Engineering Department 
is concerned with the interpretation of 
the waste surveys and the application 
of corrective measures. This function 
ineludes not only construction of neces- 
sary treatment facilities, but redesign 
of existing equipment and processes for 
the purpose of minimizing losses of 
Field surveys, in 
close co-operation with laboratory per- 
made for the purpose of 
obtaining physical and hydraulic data 
on the sources, location and quantities 
of wastes. Economie analyses, such as 
cost estimates of proposed treatment 
facilities, and the organization and 
presentation of projects for review and 
disposition by the management, are im- 
portant functions of this department. 


wastes to sewers. 


sonnel, are 


Chemical and Metallurgical Research 

Department 

Special analyses and extremely valu- 
able technical assistance are provided 
to the Water and Wastes Laboratory 
by this department or by the Chemical 
Engineering Department. Since the 
latter operates many separate control 
laboratories, each attached to a differ- 
ent manufacturing process (t.e., coke- 
oven laboratory, paper-mill laboratory, 
strip-mill laboratory, main chemical 
laboratory), they are in a position to 
furnish valuable data and assistance 
relating to the process they serve. 

A Chemical Engineering Research 
Department as a separate group Is new, 
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and it may be expected to play an 
ever-increasing part in the waste dis- 
posal program as the survey progresses 
and points out the problems which 
must be met by a broad research pro- 
gram. 

The Chemical and Metallurgical Re- 
search Department provides for co- 
operative research with the Water and 
Wastes Laboratory on new, more eco- 
nomical and more efficient methods of 
wastes disposal and utilization. Pro- 
posed treatment facilities are devel- 
oped and reviewed from the standpoint 
of efficiency, cost, and how they relate 
to present chemical engineering proe- 
esses. Any suggested changes in opera- 
tion of any chemical process (for the 
purpose of minimizing wastes pro- 
duced) are reviewed by this depart- 
ment. 


Medical Section 

The Medical Section is charged with 
the responsibility for establishing poli- 
cies and discharging duties relating to 
public and industrial health and sani- 
tation. This activity includes, among 
other things, sanitary control of water 
supplies, sewage treatment, industrial 
wastes disposal, stream sanitation, and 
other activities in the Ford Motor Com- 
pany which have either a direct or 
indirect relationship to public health 
engineering. It provides for the opera- 
tion of a Water and Wastes Laboratory 
which carries on the functions outlined 
above and which operates in a manner 
directly comparable to the Bureau of 
Engineering of the Michigan Depart- 
ment of Health, and the Sanitary En- 
eineering Division of the U. S. Publie 
Health Service, that is, a unit of chem- 
ists and engineers working under the 
direction of a medical authority. 


Water and Wastes Laboratory 


This Water and Wastes Laboratory 
was constructed under the direction of 
Dr. H. L. Krieger, Medical Director, 


Ford 


Motor Company, during the 





winter and spring of 1946, and now 
operates under the direct supervision 
of the Physician-in-Charge, Rouge 
Plant Hospital, Dr. W. A. Dawson. 
Organizationally, it is a unit of the 
Medical Section, Employee Services 
Department, Industrial Relations Di- 
vision, of the Ford Motor Company. 

The laboratory is under the immedi- 
ate direction of a Supervisor, who di- 
rects the technical activities relating to 
industrial waste control throughout the 
company. The Supervisor reports di- 
rectly to the Physician-in-Charge, 
Rouge Plant, on all matters relating 
specifically to that plant, and to the 
Medical Director on Relations concern- 
ing branch plants whether it be in re- 
gard to water purification or waste 
control. 

The laboratory performs the follow- 
ing general functions: 


1. Directs operation of water puri- 
fication plants in accordance with Act 
98 of Publie Acts (Michigan) of 1913. 
(Requires licensed operator who is in 
‘*active operating charge’’ of all wa- 
ter purification plants. ) 

2. Makes” routine bacteriological 
analyses and has control of sanitary 
quality of all water supplies provided 
to Ford employees and/or is avail- 
able from the Ford Motor Company 
to the general public. 

3. Provides sanitary control of swim- 
ming pools in accordance with state 
reculations. 

4. Directs operation of sewage treat- 
ment facilities in the Ford Motor Com- 
pany. 

5. Makes complete chemical, bacterio- 
logical, and biological analyses of waste 
flows and determines the volume and 
concentration of wastes in the flow. 

6. Initiates industrial wastes surveys 
designed to locate the source, quantity, 
type, and reason for loss, of any waste 
materials found in sewers or waste 
outlets. 

7. Initiates research projects in the 
Water and Wastes Laboratory and co- 
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operative research in the Chemical En- 
gineering Department on more efficient 
and economical methods of industrial 
wastes disposal. 

8. Coordinates activities of all de- 
partments in the Ford Motor Company 
concerned with the gontrol of the sani- 
tary facilities and provides periodical 
progress and operating reports to gov- 
ernmental agencies, as required. 

9. Represents the Ford Motor Com- 
pany in ‘‘technical relations’’ with 
local, state, and Federal agencies mutu- 
ally concerned with those phases of 
sanitary engineering and public health 
which relate to water supply, sewage 
disposal and industrial wastes in the 
Ford Motor Company. 


The laboratory staff required to 
carry out the above functions is repre- 
sented by a supervisor, a secretary, 
and five technicians, representing train- 
ing, edueation, and experience in the 
fields of chemistry, engineering, and 
the sanitary sciences, as well as practi- 
cal operating experience in the opera- 
tion of water purification, sewage treat- 
ment, and industrial waste treatment 
plants. 

The laboratory is located on the 
eround floor at the front of ‘‘B”’ 
Building, the main automobile as- 
sembly building. It is adjacent to the 
Rouge Plant Hospital which is located 
directly above on the second floor. 

The equipment is new and modern, 
with the laboratory benches, center 
tables, sinks, ete., built in as a unit and 
constructed entirely of stainless steel. 
The instruments, equipment, sampling 
devices, etc., are ample to carry on 
those physical, chemical, biological, and 
bacteriological analyses specialized to 
sanitary chemistry. 

Current meters, for hydraulic meas- 
urements, portable chemical feeders, 
pumps, and many other items too nu- 
merous to mention, all contribute to 
form one of the most complete labora- 
tories ever assembled by an individual 
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company, specifically for the study and 
control of sanitary problems. 

An additional piece of equipment 
is a complete experimental filter plant 
(Figure 1) loeated in the 
House at the tunnel intake where the 
mill water supply is taken from the 
Zug Island channel of the Detroit 
River. This plant was patterned after 


Sereen 


the original one designed and built at 
the Case School of Applied Science in 
Cleveland, Ohio, under the direction 
of Prof. G. E. Barnes. It is a complete 
water purification plant in dual, but 
lends itself admirably to studies on in- 
dustrial wastes. 
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Waste Surveys 


The methods used in the survey gen- 
erally are similar to those followed by 
the U. S. Public Health Service in the 
work on the Ohio River (2), but are 
carried to somewhat more detail and 
are varied as conditions differ in the 
plant from those encountered in the 
industries along the Ohio River. 

An attempt is being made by a 
comprehensive program of sampling 
and analysis to determine the present 
sanitary condition of the Rouge River 
above, adjacent to, and below the Ford 
Motor Company, by a long-range series 
of samples which determine B.O.D., 





FIGURE 1.—Experimental water filtration plant used for water and industrial 
wastes studies. 
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D.O., pH, alkalinity and bacterial con- 
tent. Results of this survey, it is hoped, 
will define the effect of the Ford Motor 
Company on the biochemical charac- 
teristics of the Rouge River and pro- 
vide an index as to what effect various 
abatement measures will exert on the 
river. 

The major outlets from the Rouge 
Plant are each being thoroughly stud- 
ied to determine their contents and 
individual effects on the river. This 
work requires elaborate sampling for 
composite samples representing aver- 
age conditions, along with concurrent 
hydraulic measurements of discharge 
(Figure 2), and subsequent analysis 
in the laboratory. It might be well to 
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point out that this is a large and 
important undertaking as the smallest 
of these outlets will average 28 m.g.d., 
with the others ranging upward to 
200 m.g.d. High velocities, thermal 
stratification, effect of physical tenden- 


cies of oil to rise, and suspended ma- - 


terial to settle even in such large flows, 
all contribute to make sampling for 
accurate representative composites a 
very exacting procedure and require 
many preliminary measurements. Fre- 
quent consultations have been held 
with both state and federal officials 
on techniques in this connection, and 
valuable assistance has been received 
from both groups. 

Laboratory procedures for analysis 





FIGURE 2.—Waste flow measurements by use of current meter. 
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of waste products in high dilution and 
in the presence of many other chemical 
compounds are carefully examined be- 
fore use, and the many methods evalu- 
ated with respect to these particular 
conditions. When possible, Standard 
Methods for the Examination of Water 
and Sewage or other officially recog- 
nized methods are used. Too often the 
analyses required of industrial wastes 
have not reached the refinement desired 
or do not fit the conditions under con- 
sideration ; thus modifications of known 
methods must be studied and adapted 
to existing conditions. This is one of 
the many time-consuming details re- 
quired in a comprehensive survey. 

A particular advantage enjoyed by 
this laboratory, but not shared by 
smaller companies, is the abundance 
of technical specialists throughout the 
Ford organization, who are available 
for consultation. Many facilities are 
available for special types of analyses, 
such as x-ray diffraction units in the 
Applied Physics Section, and many 
hundreds of instruments and_ tech- 
niques, each under the direction of a 
recognized expert of a special field. 
An example is cited where a sample 
of oil was collected from an outlet 
and its characteristics altered after be- 
ing in a sewer to the extent that the 
Water and Wastes Laboratory was un- 
uble to identify it or determine its 
source. A request was made to the 
Chemical Engineering Department 
and they promptly identified it as to its 
““M’? number (Ford Motor Company 
code system for reference to specific 
compounds) and its source was then 
ascertained by checking records of de- 
partment charges for that particular 
oil in the drainage area served by the 
outlet. 


Research 


Some applied research has been and 
is being carried on relating to new 


methods of treatment of waste steel 
pickling liquor, removal of carbonates 
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from plating solutions to obviate: the 
necessity for frequent disposal of con- 
centrated plating baths, treatment of 
ammonia still wastes from coke-ovens, 
treatment and control of emulsified 
soluble oil coolants, chlorination of 
cyanide wastes, and others. Work is 
continuing on these projects as rapidly 
as time and personnel permit. Future 
indications are that more of the truly 
research problems will be outlined by 
the laboratory, along with the facts 
found during the wastes survey, and 
the whole project turned over to the 
Chemical Engineering Research De- 
partment to work out the technical 
phases and develop a satisfactory prae- 
tical solution. 


Reducing Losses 


Field survey work and organization 
to provide better control over the loss 
or discard of waste materials has been 
one of the prime endeavors. This type 
of work is best represented by a re- 
cent comprehensive report on oil wastes 
in the Rouge Plant. Many weeks were 
required by two staff members from 
the Water and Wastes Laboratory in 
determining extent of the problem. In 
an early meeting with representatives 
of the Michigan Stream Control Com- 
mission, they indicated a preference or 
an ‘‘order of priority’? on which the 
plant wastes should first receive con- 
centrated study. Oil wastes were de- 
cided upon, and the resulting survey 
proved it to be a problem which re- 
quired a most intensive detailed plant 
study to determine consumption, use, 
salvage and ultimate disposition. 

Men were assigned to go through ae- 
counting records, stock records, cost 
control records, ete., in an attempt to 
account for the consumption of all oil 
used in the Rouge Plant during a 
given month. Following this, investi- 
gators were sent into each building 
and department in the Rouge Plant to 
question foremen, machine operators, 
maintenance men, plumbers, ete., to 
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FIGURE 3.—Attempt to measure rolling mill wastes entering scale pits, where iron oxide 
scale is removed by sedimentation. 


learn exactly what happened to the oil 
they consumed and whether or not the 
consumption could be reduced, or more 
oil salvaged. 

The report of this investigation 
prompted the Rouge Plant General 
Manager to detail members of his staff 
on a special assignment to devise ways 
and means of better oil control for 
alleviating oil losses at their source. 
Much of the progress in the control of 
industrial wastes in the Rouge Plant 
is a result of the efforts of this group. 

A second thorough study was initi- 
ated recently by the Water and Wastes 
Laboratory on the problem of soluble 
oil wastes. This survey attempted to 
determine all factors concerned with 
this waste such as quantities consumed, 
reason for becoming spent and possible 
methods of recovery. Three large con- 
tinuous purification units, one a fil- 
tration system, and two other flotation 
units, have been installed; two in the 


Motor Building, and one in the foun- 
dry. These units continuously remove 
chips and grinding particles from the 
coolant or ‘‘soda water’’ as it is gen- 
erally, referred to by the men in the 
shop. These units have not been in 
operation long enough to make a criti- 
cal evaluation as to their relative effi- 
ciency, but they do lengthen the useful 
life of the ‘‘soda water’’ tremendously. 
The complete responsibility for the 
treatment of soluble oils with disin- 
fectants and the disposal of same have 
recently been transferred to this lab- 
oratory and the establishment of the 
organization required for routine con- 
trol is now in process. 

Other surveys of a detailed nature 
yet to be made are concerned with ob- 
taining complete data relating to plat- 
ing wastes, caustic and acid cleaners, 
and a host of other chemical com- 
pounds used generally throughout the 
Rouge Plant. 








OL 
th 
W! 
th 
th 

















Vol. 19, No. 5 AN 





INDUSTRY INITIATES WASTE CONTROL 





FIGURE 4.—Oil skimming device at head of boat slip for removal of oil from 
Roulo Creek. 


Some of the major outlets, notably 
that referred to as the ‘‘Gate 11 
Sewer,’’ have received considerable 
study as to the average flow and the 
waste compounds contained. At pres- 
ent an effort is being made to learn the 
exact source of the waste materials in 
the drainage area served by this par- 
ticular sewer, which has an average 
discharge of 40 m.g.d. Among the 
contributors are scale pits which are a 
part of rolling mill operations in the 
Steel Division. Hydraulic and labora- 
tory determinations are being made 
on the wastes from these scale pits for 
the Plant Engineering Department, 
which will attempt to learn whether 
the pits can be made more efficient and 
thus relieve the load of suspended 
solids in the Gate 11 outlet. 

An interesting feature of this work 
was the determination of the flow of 
water entering one scale pit (Figure 
3). Hydraulic conditions made usual 





methods of flow measurement ineffee- 
tual, although a trapedozoidal weir was 
installed in an attempt to measure the 
flow. Too great a slope in the water 
surface approaching the weir, along 
with turbulence in the conduit, threw 
considerable doubt on the accuracy of 
the weir measurements. As an alter- 
nate method of flow measurement, 
there was installed a small chemical 
feeder which fed concentrated sulfuric 
acid to the flow in accurately con- 
trolled doses. It was then possible to 
measure the sulfate increase in the 
water leaving the scale pit by turbidi- 
metric means. A high degree of accu- 
racy was achieved by this method with 
a flow which varied, during the 24- 
hour test run, between 2,000 and 
4,000 ¢.p.m. 

Blast furnace wastes have received 
some attention and the Plant Engi- 
neering Department, following receipt 
of a report from this laboratory on ore 
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dust losses to the sewer from the tray 
thickeners, is investigating reasons for 
the loss and is determining efficiency 
of the equipment under the present 
conditions of use. 


Summary 

An intensive sanitary survey is now 
underway in the Rouge Plant to de- 
termine the extent of the various prob- 
lems and to reduce as completely as 
possible the losses of wastes at their 
source. 

Considerable progress has already 
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been made, as exemplified by the es- 
tablishment of an organization to 
handle the waste problems in the Ford 
Motor Company, the installation of 
complete Water and Wastes Labora- 
tory, and the establishment of a 
planned progressive program for in- 
dustrial wastes control. 
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III. RECENT 


DEVELOPMENTS IN PULP AND PAPER WASTE 
TREATMENT AND RESEARCH * 


By Harry W. 


Technical Advisor, National Council for Stream Improvement, Inc., New York, N. Y. 


In the past much more attention has 
been given to the development of pol- 
lution reduction methods applying to 
sulfite waste liquor and machine waters 
than to other pulp and paper wastes. 
Since the kraft and soda _ processes 
evaporate and burn the pulping liquor 
for recovery of chemicals and _ heat, 
pollution from such mills is negligible 
as compared to the sulfite process. It 
has been found, however, that kraft 
and soda mills located on streams of 
low summer runoff can cause severe 
seasonal pollution. It has also been 
established that certain constituents 
of such waste waters are toxie to fish 
if present in the receiving stream at 
sufficiently high concentration. 

Improvement in recovery systems 
and control of operating irregularities 
have tended to reduce the pollutional 
load from such mills to an appreciable 
degree. Nevertheless, some problems 
remain, particularly at mills where the 
pulp is bleached, since the bleachery 
waste represents an additional oxygen 
load although its addition to the pulp 
mill waste does destroy a number of 
the toxic compounds contained therein. 


Storage 


Laboratory and pilot plant experi- 
ments at mills in Texas and Virginia 
indicated that high reductions in 
B.O.D. of these wastes could be ob- 
tained if they were sufficiently dilute, 
and after removal of suspended solids 
by storage for periods of from 15 to 





*One of a series of special contributions 
by members of the FSWA Committee on In- 
dustrial Wastes. 
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The equaliz- 


be considerably im- 


Although substantially an- 
aerobic and attended by sulfate reduc- 
tion, odor production at the basins has 
not been nearly as severe as antici- 
This method of treatment is 
particularly applicable in the South 
due to the high summer temperatures, 
abundant waste land generally iso- 
lated from communities, the nature of 
concentration 





it was found 
that sufficiently high initial dilution 
obtained by inelusion 
groundwood mill and 

In the other the con- 
centration was reduced by segregation 
volumes of concentrated 
waste, which was lagooned for con- 
trolled discharge during high stream 
At both of these mills it was de- 
cided, on the basis of the experimental 
install full scale storage 
basins, and to date one has been 
operation throughout one 
summer period. 

During the operating period the 
varied between 
168 and 260 p.p.m. while the effluent 
discharged to the river varied between 
28 and 56 p.p.m., averaging about 45 
This treatment served to pre- 
vent severe oxygen depletion in the 
river throughout the entire summer 
throughout which fish life 
abounded in the stream. 
ine effect of the storage basins also 
protect the stream from 
shock loads resulting from operating 
irregularities in the mill. 

Continuing laboratory research has 
indicated that the efficiency of this 





there of the kraft pulping division of 
the industry. 


“Sludge-Blanket” Clarifiers 


Considerable progress has been made 
during the last five years in applying 
the ‘‘sludge-blanket’”’ type of clarifier 
for fiber removal from paper machine 
waters. Despite periods of upset 
these devices vielded a high degree of 
clarification. 

Study of the difficulties led to the 
discovery that variations in tempera- 
ture, entrained air, flow surges and 
fluctuations in the solids load all dis- 
turbed the suspended slurry blanket. 
Correction of the three former condi- 
tions and improvements in the sludge 
removal system have corrected troubles 
to a considerable degree. 

The addition of activated silica 
where alum is employed as a coagulant 
was found to aid operation since the 
silica increases the density of the 
slurry particles, thus rendering the 
blanket less subject to disturbance. 
Considerable effort is being directed 
by manufacturers to improve the 
sludge collection system in the hope of 
providing greater thickening of the 
sludge discharged. Performance of 
several recent designs will be watched 
with interest by the industry. 


Bleaching Operations 

Increased kraft and soda pulp 
bleaching operations throughout the 
country have made bleachery waste an 
increasingly important pollution prob- 
lem. One of the particularly undesir- 
able characteristics of this waste is its 
high color due to extracted lignins. 
Experiments have shown that treat- 
ment with lime can effectively remove 
most of the color. 

Since the disposal of sludge pro- 
duced by such treatment would pose a 
major problem, the possibility of in- 
corporating the treatment process with 
the causticizing mud recovery system 
is being explored. By employing 
bleachery waste as a serubbing me- 
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dium for lime kiln stacks in devices in 
which it will be treated with lime dust, 
carbonated and settled, it might be 
practical to return the sludge to the 
causticizing mud recovery system, and 
a part of the clarified effluent to the 
bleach plant for re-use. Data obtained 
to date on this process are encouraging. 


Aeration 

Progress in reducing the high dis- 
solved B.O.D. of the wash water from 
deinked pulp has been evidenced by 
the laboratory development of an aera- 
tion process capable of obtaining 80 
per cent reduction consistently. This 
process operates at the high pH values 
(8.0 to 9.5) commonly met with in such 
wastes and requires a nitrogen supple- 
ment of but 10 p.p.m..of sodium ni- 
trate. Pilot plants studies are now 
proceeding which will serve further to 
develop and evaluate this process for 
application. 

Sulfite Process Modifications 

Changes in base in the sulfite pulp- 
ing process for the purpose of incorpo- 
rating liquor burning—hence largely 
eliminating stream pollution—are re- 
ceiving great interest in the pulp and 
paper industry both here and abroad. 
A full scale plant employing mag- 
nesium bisulfite as cooking acid should 
be in operation this vear and extensive 
experimentation with ammonium bi- 
sulfite is underway in lieu of the 
possibility of future low price am- 
monia. 

In the development of these methods 
rests the future promise of elimination 
of pollution ;from large mills, since 
permanent markets that can be estab- 
lished for by-products from the liquor 
are very limited, and treatment proc- 
esses astronomical in cost. As ex- 
amples are the facts that but 5 per 
cent of the liquor produced at present 
goes into by-products, and treatment 
plant costs, providing partial B.O.D. 
reduction only, exceed the value of 
the pulp mill. If successful the base 
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change processes, though high in ini- 
tial cost, are likely to meet acceptance 
by the large sulfite producers since re- 
turns in the form of heat and (in the 
case of magnesia and sodium) chem- 
icals as well are inherent to these 
processes. 

Since successful adoption of base 
change to the small sulfite mill is not 
likely to be feasible, considerable re- 
search in fermentation processes is be- 
ing conducted. In Wisconsin a full 
scale plant for the production of 
fodder yeast is being erected which 
process is expected to reduce the oxy- 
ven demand of the liquor to a consid- 
erable degree. The economic position 
of this material in this section of the 
country will be established by this 
operation. 


Sludge Disposal Problems 


One of the major unsolved problems 
is the dewatering and disposal of 
sludges removed by sedimentation or 
chemical coagulation of a number of 
waste waters produced by this indus- 
try. The failure of existing methods 
to handle these hydrous sludges indi- 
cates the need jor fundamental re- 
search leading to new techniques for 
the removal of bound water. 

Laboratory studies employing elec- 
trodialysis and ultrasonics are now 
being conducted to determine the 
possibilities of their application to 
this problem. Extensive investiga- 
tions and research on recovery .of 
usable materials from such _ sludges 
have not proven successful, due to 
their highly variable composition, cost 
of recovery, impurities in recovered 
materials and changes in character 
brought about by the separation proc- 
ess. Hence the trend is likely to be 
toward disposal or simple uses such as 
for fill and road work, when the 
sludges ean be obtained in a workably 
dry state, rather than for process re- 
use. Methods for stabilizing such 
sludges against odorous decomposition 
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during temporary lagooning are now 
being sought. 


Deinking Wastes 


The continued world shortage of 
pulp is rapidly leading to changes in 
the industry which have a direct bear- 
ing on effluent problems. The in- 
creased re-use of waste paper and the 
use of lower grades of waste for de- 
inked stock has increased the pollution 
from this source. Manufacturers are 
anxious to retain the material losses 
subsequent to manufacture in the 
product, and while at present no 
means are available for doing this such 
are being sought. Much of the diffi- 
culty here lies in the nature of inks 
now employed since the pigments re- 
leased by the deinking process discolor 
the fillers washed from the pulp and 
preclude their re-use. 

Increased production and _ process 
improvements in semi-chemical pulp- 
ing is an example of greater utilization 
of raw material in the product and 
lower sewer losses. New _ processes 
from which the pulp yield exceeds 80 
per cent of the wood have been devel- 
oped for certain grades of board. 
Utilization of wastes in the product 
dealt with is of greatest interest to 
any manufacturer and is most likely 
to provide a permanent solution to the 
problem. Marginal by-products of 
limited market; the production of 
which necessitates large capital and 
operating investments and which often 
provide only a limited degree of 
effiuent improvement, are becoming 
less attractive to manufacturers. The 
industry has experienced many such 
ventures and has seen them fail. 
Manufacturers will lean much more 
toward the use of wastes in products 
they understand and which their or- 
ganizations are set up to produce and 
market. Hence this form of utiliza- 
tion holds the most promise for the fu- 
ture, and interest will increase as sup- 
plies of raw materials become less 
plentiful. 








CHARACTERISTICS AND METHODS FOR TREAT- 
MENT OF DEINKING WASTES * 


By Wituarp W. Hopae AND Pup F. Morgan 


Senior Fellow, Mellon Institute of Industrial Research, Pittsburgh, Pa., and Research Engineer, 
National Council for Stream Improvement, Kalamazoo, Mich. (formerly 
Industrial Fellow, Mellon Institute), respectively 


The deinking of waste paper and its 
conversion into pulp suitable for use 
in the manufacture of different grades 
of paper is one of the comparatively 
newer branches of the pulp and paper 
industry. A number of papers have 
been published and patents granted 
describing different processes for deink- 
ing waste paper (16), but compara- 
tively little printed information ap- 
pears to be available on the properties 
of the waste materials from this in- 
dustry or on methods for treating and 
disposing of the liquid wastes so as 
to abate water pollution. The shortage 
of new pulp during World War II 
caused a rapid growth in the applica- 
tion of deinking processes to old paper. 
The situation was summarized by 
Wakeman (13) in 1943 when he asked 
the question, ‘‘How are we going to 
make more than 15,000,000 tons of 
paper and paperboard with the 
amount of pulp we know we have avail- 
able? From estimates today we are 
going to have about 8,500,000 tons of 
wood pulp available for paper and 
board production in this country. 
This will mean forcing the use of waste 
paper and other waste fibers up to the 
limit and further downgrading.’’ <A 
discussion by Jubb (8) along similar 
lines was also published. The question 
was partially answered by the in- 
creased production in the United States 
of deinked pulp from about 27,000 tons 
per month during the first half of 1943 


* Presented at the 19th Annual Meeting of 
the Federation of Sewage Works Associa- 
tions; Toronto, Ontario, Canada; October 7, 
1946. 
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to between 35,000 to 40,000 tons per 
month during 1944. 

The geographical locations of 48 
deinking mills and the comparative 
magnitude of the deinking industry 
in the United States are shown in 
Figure 1. The mills are concentrated 
quite largely in five states: Massachu- 
setts, Pennsylvania, Ohio, Michigan 
and Wisconsin. The large number of 
deinking mills located in the Kalama- 
zoo, Mich. region will be noted. It is 
for this reason that the National Coun- 
cil for Stream Improvement established 
a branch of the Mellon Institute Fel- 
lowship in Kalamazoo, to make not only 
supplementary laboratory studies on 
deinking wastes, but also to conduct 
stream pollution surveys, to investi- 
vate the tendency, if any, of deinking 
wastes to form sludge deposits on the 
river banks and bed, to make analyses 
of deinking mill operations and to de- 
termine the properties of liquid wastes 
obtained from each important unit op- 
eration applied in the processes. In- 
formation has been obtained regarding 
four deinking mills in Canada, and 
there may be others, but the abundance 
of pulpwood in this Dominion lessens 
the need for deinking plants. 

A perspective of the relation of the 
deinking of waste paper to other ac- 
tivities of the pulp and paper industry 
is obtained from Government statistics 
(5, 6, 12). The total quantities of cel- 
lulosic raw materials consumed by the 
pulp and paper industries of the 
U. S. A. during 1939 were 14,084,700 
tons, in 1944 were 18,746,762 tons and 
in 1945 were 18,988,631 tons. The 
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waste paper consumed amounted in 
1939 to 4,366,257 tons, in 1944 to 
6,859,332 tons, and in 1945 to 6,799,683 
tons, or about 31 per cent in a prewar 
year to around 36 per cent in the last 
war year of the total cellulosic raw 
materials utilized. The production of 
pulp by deinking processes was equal 
to approximately 10 per cent of the 
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waste paper consumed. The production 
of deinked pulp by months for the 
years 1943-44 is shown in Figure 2. 
In 1944 the total annual production of 
deinked pulp approached 400,000 tons. 

Since the characteristics of the deink- 
ing wastes depend largely on the kinds 
of waste paper charged into the cook- 
ers or digesters, the type of process 
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FIGURE 2.—U. S. production of deinked pulp. 
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and chemicals applied, and the quality 
and quantities of water used in manu- 
facture, brief descriptions of these fac- 
tors will be presented. 


Quality of Paper Utilized and 
Quantity of Deinking 
Liquid Wastes 


The average price paid for waste 
paper in the U. S. during 1939 was 
$13.12 per ton. For the better quali- 
ties of waste paper used by deinking 
companies to manufacture pulp for 
magazine, ledger, and book stock, ac- 
cording to Clark (3) an average price 
of about $38.71 was paid in 1942. Old 
papers made from ground wood pulp 
cannot be used in a fixed alkali process 
for the better grades of deinked pulp. 
Comparatively recently, however, Wells 
(15) has proposed processes for partial 
utilization of old papers containing 
eround wood pulp. 

Since several washing operations are 
involved in the making of deinked 
pulp, the quantities of liquid wastes 
from a deinking plant are large. For 
cooking and washing the waste papers 
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10,000 to 20,000 gallons or more of 
water per ton of finished pulp may be 
required. The data for a few mills 
are as follows: 




















Liquid Wast . 

a , poe “from Ink 9 ( Bere 
No. tons ay i me ' 

€ ons per day) mat pulp) 

1 200 1,960,000 9,700 

2 233 2,400,000 10,300 

3 24 850,000 36,000 

4 55 608,000 11,000 

5 | 55 | 1,700,000 31,000 

| 





Types of Deinking Processes 


A great many different processes 
have been proposed for deinking waste 
paper and many of them have been 
patented (16). Most of the processes 
exhibit considerable similarity in the 
unit operations applied; the differ- 
ences are in the methods, equipment 
and chemicals used. The usual succes- 
sive unit operations used are as fol- 
lows: opening the bales of paper; gen- 


eral inspection; sorting (sometimes 
done before baling and _ shipping) ; 
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FIGURE 3.—Flow diagram of deinking operations—Mill F. 
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FIGURE 4.—Flow diagram of deinking operations—Mill I. 


dusting; shredding; charging the boil- 
ers or digesters; cooking and defiber- 

e@; riffing; screening; ink washing; 
bleaching; washing; chest 
pulp storage. 

This is a general outline of a deink- 
ing process, but variations in the kind 
and quality of the waste paper used 
may require modifications and different 
manufacturers do not always follow 
the same sequence of unit operations. 
The flow diagrams for two deinking 
mills are presented in Figures 3 and 4, 


ing; 


stock or 


and one of washery operations in Fig- 
ure 5. 

A general classification of the princi- 
pal deinking processes in use is as fol- 
lows: (1) the open cooker type, which 
operates at from about 180° F. to 
200° F. The time of contact of the 
old paper with the hot cooking solution 
in either batch or continuous opera- 
tion varies from 1 to 10 hours. Ap- 
proximately 50 per cent liquor re- 
covery is often attained. (2) The 
pressure cookers, in which the shredded 
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FIGURE 5.—Flow diagram of deinked pulp washing. 


waste paper in contact with the caustic 
solutions is cooked at pressures of from 
10 to 50 p.s.i. in rotary horizontal or 
spherical steel vessels. About 10 to 
15 per cent of the cooking liquor is 
recovered in this type of process. (3) 
The hydrapulper type uses a large 
vertical steel tank, usually equipped 
with a centrifugal pump recirculating 
system. In some of the newer hydra- 
pulper installations, however, the re- 
circulation system is omitted. The 
pump acts as a pulping machine and 
after the old paper is sufficiently 
cooked the pulped stock is pumped 
without any liquor recovery directly 
to the washers and then to the finish- 
ing operations. In all these types of di- 
gesters, boilers or cookers, the chemi- 
cals and heat applied loosen the inks 
and fillers from the paper so that they 
can be removed in the washing opera- 
tions. 

Printers inks have been classified 
by Bragg (1) into three main groups: 


“(a) Alkali-saponifiable inks, in which 
the pigment is dispersed in a saponifiable 
vehicle, usually linseed oil: 


1. Indelible inks—resistant to water. 
2. Printing inks containing rosin, 
mineral oil, and carbon black. 

“(b) Nonsaponifiable inks: 

1. Metallic inks (aluminum, gold, or 
bronze powder plus varnish). 

2. Poster and sign inks (mineral oil 
with carbon black). 

“(¢) Special inks, alkali-resistant: 

1. Rotagravure inks—oxidized — as- 
phalts and gilsonite base. 

. Vaporin ‘flash-drying ink’ (syn- 
thetic resin and pigment blended 
with an organic solvent or ve- 
hicle, usually of the hydrocarbon 
type). The solvent is removed 
by passing printed paper through 
gas-fired heaters. 

3. ‘Cold set’ inks, consisting of a 
thermoplastie resin and pigment. 
The ink and type are heated so 
that the ink is fluid; after print- 
ing the ink sets quickly on the 
cold paper.” 


Y 


The kinds of inks and vehicles ap- 
plied in printing the paper, as well 
as the filler, size «ad quality of paper 
used, are important factors in the 
choice of process installed to deink the 
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waste paper and are largely respon- 
sible for the materials present in the 
spent cooking liquors and wash water 
discharged from the deinking plants. 

The more commonly used chemicals 
for cooking the waste paper are sodi- 
um hydroxide, sodium carbonate, or a 
mixture of these two compounds; sodi- 
um silicate and other alkaline deter- 
gents have been used. Cooking the 
old paper in the alkaline solution 
saponifies the oil and/or resin vehicle 
of the ink, thus loosening the ink from 
the paper. The alkali may also sa- 
ponify any rosin size present in the 
paper and have a hydrolytic effect on 
any starch or casein size present. The 
presence of large amounts of casein 
size in the waste liquors was found by 
Eldridge (4) to have a detrimental ef- 
fect on coagulation and settling of 
suspended solids. The freed ink, clay 
filler, coloring pigments or dyes, saponi- 
fied vehicle and sizing materials are 
washed away from the pulp in the 
washers and are present in the waste 
deinking cooking liquors and wash wa- 
ters. The cellulose fibers, after removal 
of any solid foreign material by the 
riffles and sereens and thorough wash- 
ing, may flow to the bleachers and 
bleach washers, then to storage chests 
or to the Hollanders in which some 
new pulp may be added and the mix- 
ture beaten to the correct consistency 
for transfer to the stock chest, or to 
a filter and to storage for later use. 

Other chemicals added to the cook- 
ing liquors for specific purposes as 
given by West (16) are: detergents 
such as sodium soaps of fatty acids, 
sodium silicate, sulfonated oils, fats, 
aliphatic aleohols or by-products from 
petroleum refining, or bentonite in 
presence of alkali and trisodium phos- 
phate or tetrasodium pyrophosphate ; 
some of these materials, especially the 
sulfonated organic compounds, may 
serve as dispersing agents to prevent 
agglomeration of the pigment after it 
is released from the fibers and to 
emulsify any nonsaponifiable mineral 
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oil or wax present. A patent granted 
to Welch (14) proposes the use of 
waste sulfite liquor containing lignin 
sulfonic acids, which are said to have 
inherent dispersing properties. To dis- 
solve or soften any gilsonite, oxidized 
vehicle or synthetic resins which are 
often present in some recently de- 
veloped inks, small quantities of kero- 
sene or other mineral oil, carbon tetra- 
chloride or other suitable solvent may 
be added. For the selective adsorption 
of the pigment after it is freed from 
the fiber and to prevent its redeposi- 
tion clay filler, bentonite, or silica gel 
may serve the purpose. If the wash 
water is very hard a base exchange 
material such as tetrasodium pyrophos- 
phate or hexasodium metaphosphate 
may be applied to prevent the forma- 
tion of insoluble calcium soaps. 

Acid processes have also been pro- 
posed for deinking waste paper. One 
such process covered by United States 
(10) and Canadian (10) patents would 
treat the old paper with two parts of 
sulfurous acid plus one part of sodium 
carbonate in a digester. It is claimed 
that this process not only removes the 
ink from the fiber but also bleaches the 
pulp by the sodium sulfite formed in 
the cooking operation. 

The use of many other chemicals 
and kinds of equipment has been pro- 
posed for deinking waste paper. Some 
have gone through pilot plant investi- 
evations and there have been a few 
industrial installations. However, the 
extensive researches on deinking wastes 
earried on by the National Council 
for Stream Improvement multiple fel- 
lowship at Mellon Institute and _ its 
Branch Project at Kalamazoo College 
have dealt with the digester waste 
liquors and pulp wash waters resulting 
from cooking different kinds of waste 
paper with solutions of caustic soda, 
soda ash or a mixture of these two 
chemicals. Thirty-two samples of from 
15 to 50 gallons of deinking wastes 
from two mills in each state, Michigan, 
Ohio and Pennsylvania, have been used 





tr 
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19, 
for study at the Mellon Institute lab- 
oratory and many similar samples from 
the Michigan mills and several others 
have been studied at the National 
Council’s project in Kalamazoo. 


Characteristics of the Deinking 
Wastes 


The chemicals, ink, vehicle, pigments, 
filler and size from the waste paper, 
together with small amounts of short 
broken fiber, are contained in the liq- 
uid wastes from the deinking mills. 
The spent cooking liquors and .wash 
waters are usually discharged together 
in the effluent from the plant. The 
samples of deinking wastes varied in 
color from lght gray to dark gray, 
with an occasional sample nearly black. 
The fresh samples had little or no 
odor, but after storage a few of the 
samples developed some hydrogen sul- 
fide. The effects of age on other proper- 
ties of the deinkinge wastes are shown 
in Table I. There was a gradual de- 
crease in pH, but the alkalinity to 
methyl orange indicator increased. 
The quantities of total solids and the 
B.O.D. decreased appreciably. With 


TABLE I.—Effect of Age on Deinking Wastes Stored in Covered 


Mill and Sample Nos. 
Date F 
Age! (Days). 





pH 
Turbidity (p.p.m.) 
Alkalinity as CaCO;, P? (p.p.m.). . 
Alkalinity as CaCO:;, M.O.? (p.p.m.)...... 
Total SONAS GOAN.) ..0. 06060064 56 
Moisture, 105° C. (%) 
Volatile Solids, Dry Basis (%) 
Suspended Solids (p.p.m.)............... | 
NCES SVR HR 0: 
Cri BMG ce 000) a ee 
Dissolved Oxygen (p.p.m.).............. 
5-Day BOD: at 20° C; (p.pim:).............. | 


Cd 
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highly alkaline wastes no hydrogen 
sulfide was observed, but some of the 
weakly alkaline wastes developed a 
strong odor of H.S after comparatively 
short storage periods. Since H.S is 
very objectionable in atmospherie or 
liquid wastes, this factor should be 
considered in planning the detention 
periods for deinking wastes in lagoons 
or settling basins. 

The data in Table II show that the 
overall liquid wastes from deinking 
mills investigated to date were from 
99.35 to 99.91 per cent water. The 
total solids at 105° C. varied from 910 
to 6,500 p.p.m. Volatile matter in the 
total solids varied from 35.67 to 60.16 
per cent; this is assumed to be largely 
waste fiber. The suspended solids 
ranged from 570 to 3,072 p.p.m., the 
balance of the total solids being com- 
posed of previously dissolved materials. 
Turbidities varied from 1,000 to 3,200 
p.p.m. The volatile matter in the sus- 
pended solids ranged from about 30 
to 42 pcr cent. The fixed solids or ash 
was composed largely of clay filler, in- 





organic pigments and carbon not 
burned off at from 600° to 650° C. 
Containers 
B-3 B-3 E-4 E-4 
12-10-45 2-5-46 1-23-46 2-5-46 
59 | 13 
11.41 7.68 9.20 7.65 
1050 1000 1800 1700 
110 0 0 0 
304 330 502 | 567 
1816 1545 2787 | 2670 
99.82 99.85 99.72 | 99.73 
51.63 50.70 40.70 42.69 
867 934 1657 | 1534 
363 411 | 490 | 484 
504 523 | 1167 | 1050 
4.6 5.2 1.5 3.7 
410 340 460 | 340 











1 Age of samples is given as the amount of time elapsed between the first analysis made and the 
next date indicated; as some time in transit had already passed before first analysis in Pittsburgh 


laboratory was made. 


2? P= Phenolphthalein alkalinity; M.O.=total alkalinity to methyl] orange. 


Notes: An unexplainable increase was found 
Suspended solids in E-4 decreased. 


in the suspended solids content of B-3 after ageing. 


The 5-day B.O.D. of both samples decreased: B-3, 17.1 per cent and E-4, 26.1 per cent. This 


has been found in practice in lagooned wastes 


from several types of paper mill wastes. 
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The B.O.D. of the mixed total effluents 
varied from 345 to 1,135 p.p.m. Sep- 
aration of the suspended solids re- 
moved about 11 to 37 per 
the B.O.D. (one exception, 58 
cent removed) ; hence, the larger por- 
tion of the B.O.D., as shown in Table 
III, is in the dissolved state. This 
makes the problem of reducing the 
B.O.D. content more difficult than if it 
was largely in the easily removable 
suspended matter. 

The suspended solids in the samples 
of deinking wastes, with a very few ex- 
ceptions, settled rapidly; from 70 to 
80 per cent being removed in from 2 
to 4 hours as shown in Table IV and 
Figures 6, 7 and 8; only small addi- 


cent of 
per 
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TABLE III.—B.O.D. Distribution in 
Deinking Wastes 


5-Day B.O.D. 











| (p.p.m.) | ; 
. } B.O.D. in 
Mill — SS J Soltion 
‘ | & 
| [Waste | Filtrate of | © 
E | Nov.12 | 580| 378 | 71 
| Dec. 27 | 374 ; 315 | 85 
| Dec. 28 | 558| 456 | 82 
| Dec. 28 | 380 | 336 | 88 
Average 82 
F | Nov. 29 | 598 | 529 | 89 
I | Feb.1 | 10380; 774 | 75 


| Feb.2 | 1135 | 


803 | 71 





The application of different chemical 


coagulants, as discussed later, pro- 
duced a more rapid settling of sus- 



























































tional amounts settled in 48 hours. pended solids and better clarification. 
1 Jiter settled = an Imhoff Coge 
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FIGURE 6.—Rate of plain settling of deinking wastes; four samples from Mill A. 
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Microscopical examination indicated 
(Figure 9) the suspended solids to be 
largely amorphous clay and pigment 
particles, pieces of broken fiber and 
oceasionally a minute particle having 
a erystalline appearance. The quanti- 
ties of resulting from plain 
settling of the suspended solids varied 
considerably in volume and in total 


sludge 
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solids. Other properties of the sludges 
are given in Table V. 

The large differences in the nature 
of the sludges from samples of deink- 
ing wastes from the same mill are evi- 
dent by comparing the data from 
Samples A-2, A-4 and A-6 in Table 
V. The sludges resulting from chemical 
treatments of the deinking wastes also 


TABLE IV.—Removals Effected by Plain Settling of Six Different Deinking Wastes 


— 
Alkalinity as | 
CaCO; | 


Per Cent Reduction 


| 
| Tot. Nitro- 












































ee nie | Total Suspended Solids Disssivea 5-Day Se 
No. bidity {— --—-- —| Solids | - - ——}| Oxygen | ae * (Orig. 
P* M.O.** | | Total | Volatile | Fixed | “| NH) 
Mill A 
A-2 (2) | 71.33 | 26.14 | 0.27 | 36.32 | 90.01 | 88.29 | 90.88 | — | a - 
A-4 (7) | 28.57 | 58.86 | 36.13 | 38.70 | 78.80 | 80.54 | 72.45 | =e art = 
A-5 (10) | 58.33 | 15.84 | 15.78 | 28.62 | 70.63 | 31.80 | 89.72 —- | — - 
A-9 | 50.00 | 3.00} 14.06 | 34.10 | 84.60 | 91.04 | 79.85 | 6.85 | 37.50 . 
Mill B 
B-1 (8) | 76.67 | | 16.89 | 49.45 | 91.93 | 90.06 | 95.19 | — ‘ i 
B-2 (9) | 82.50 | 100.00 | 37.20 | 66.67 | 83.75 | 90.72 | 71.21 | — — ~ 
B-3 | 7143) 0 8.55 | 35.90 | 88.35 | 91.46 | 86.11 | — 24.39 | 18.10 
Mill E 
Pen | | | | 7 
E-1 (6) | 56.25 | — | 28.24 | 38.76 | 59.78 | 52.50 | 62.63 -f,— f= 
E-2 | 53.85 | — | 15.48 | 38.46 | 63.50 | 63.61 | 63.46 | - foe 
E-3 | 56.90 | 100.00 | 18.36 | 30.52 | 62.89 | 67.72 | 60.66 — | 26.12 - 
Mill F 
F-1 64.00 | 100.00 | 35.05 | 53.06 | 84.64 | 88.85 | 82.10 | — bed Sieh 
F-4 | 60.00 | | 30.79 | 51.59 | 83.69 | 87.96 | 80.94 | — ~ 
F-5 | 43.33 - | 19.02 | 35.06 | 77.86 | 78.76 | 77.48 | — 15.71 
Mill C 
= SS ae ae ee aii Ch aa sae Ge - iP ot ak TE eae | 
c-1 (2) | 93.08! — | 62.29 | 61.23 | 93.45 | 93.60 | 9336; — | — | — 
C-2 | 32.35 | — | 37.98 | 36.13 | 69.48 | 57.03 | 75.33 | — | 58.06 | 77.80 
iivlanaenseial | : ees 
Mill D 
ae eee : ae 
D-1 (18) | 78.13 | — | 13.36 | 42.45 | 85.10 | 85.82 | 8457| — | — | — 
D-2 55.00 | — | 11.82 | 32.71 | 76.98 | 83.41 | 72.82 | — | 36.21 | 28.03 
ae ST Fe 

















* P.=Phenolphthalein alkalinity. 


**M.O.= Total alkalinity to methyl orange. 


Note: Numbers in parentheses refer to original sample numbers. 
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FIGURE 7.—Rate of plain settling of deinking wastes; two samples from Mill C. 


varied widely in quantity and in some 
properties. 


TABLE V.—Analyses of Sludges from Plain 
Settling of Deinking Wastes 





Solids—Dry Basis 
(%) 


Total 
Sample No. (% (7) 
% 


Mill and =— | Solids 
| } 
Volatile Fixed 
| 


Settled at the Mill for 13 to 2 hours 
A-6 | 96.81 3.19 | 39.14 | 60.86 
C-2 | 98.43 1.57 | 44.82 | 55.68 
F-6 | 98.63 1.37 33.96 | 66.04 


Settled at Mellon Institute 
for 48 hours 


95.90 | 4.10 | 37.70 | 62.30 


A-2 | | 
A-4 | 98.06 | 1.94 | 44.33 | 55.67 
E-1 | 98.25 | 1.75 | 29.68 | 70.32 





Effects of Deinking Wastes on a 
Receiving Waterway 


The objectionable properties of 
deinking wastes from the standpoint 
of stream pollution are: (1) the large 
quantities of suspended solids in the 
wastes which cause high turbidity in 
the receiving stream and which might 
cause sludge deposits under certain 
conditions; (2) the rather high B.O.D. 
of the wastes, which diminishes the 
oxygen normally dissolved in open wa- 
ters that is necessary for fish and other 
forms of aquatic life; (3) the muddy 
eray to almost black color of the wastes 
which makes the receiving waters un- 
sightly. Very few if any reports have 
been received of complaints due to 
excessive foam formation on the stream 
surface or of disagreeable tastes or 
odors in water supplies into which 
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FIGURE 8.—Rate of plain settling of deinking wastes; three samples from Mill E. 


deinking wastes have been discharged. 

The probability of sludge deposits 
being formed from deinking wastes has 
been thoroughly investigated on the 
Kalamazoo River by the staff of the 
National Council research project at 
Kalamazoo, Mich. A cross-section sur- 
vey was made of this river for sludge 
deposits. Aerial photographs were also 
utilized in the seareh for sludge de- 
posits but no large deposits were found 
in the free-flowing sections of this 
river. The mill ponds below the criti- 
cal oxygen depletion portion of the 
river did have some sludge deposits, 
which may be partially due to paper 
mill wastes. 

It was reported that heretofore there 
had been many complaints and much 
blame on the pulp and paper companies 
because of supposedly large deposits 
of sludge from deinking and other pulp 
and paper mill wastes. The survey 
showed, however, that the river bottom 


was clean. A 3- to 12-in. deep layer 
of muck or sludge did exist along both 
banks of the river for considerable 
distances. These layers of muck did 
not extend very far into the river, 
usually less than 10 feet. Apparently 
the sludge deposits in this part of the 
stream are small and do not at present 
constitute a serious river condition. 
These observations may be of consider- 
able value in deciding on the required 
degree of removal of suspended matter 
in industrial wastes when they are to 
be discharged into streams having 
sufficient volume and velocity of flow 
to float the suspended solids away with- 
out the formation of objectionable 
sludge deposits. 

The effects on the dissolved oxygen 
in the Kalamazoo River of the un- 
treated sewage load from Kalamazoo, 
Mich. (56,000 population), the deink- 
ing and other pulp and paper mill 
wastes, and other industrial wastes 
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(a) Suspended solids in well mixed 
waste; sample No. B-4. 


(b) Sludge deposited during sec- 
ond part of plain settling period; 
No. B-4. 





(c) Suspended solids in well mixed 
waste; sample No. E-5. 


(d) Sludge deposited during plain 
settling period; No. E-S. 


FIGURE 9.—Microscopical appearance of deinking wastes. 


have been investigated by partial 
stream pollution surveys. 
the very limited data available, Prof. 
C. J. Velz, Head of the National Coun- 
cil Research Project on Stream Analy- 
sis, has plotted a number of oxygen 
sag curves, two sets of which are pre- 
sented in Figures 10 and 11. This 


river entered the city of Kalamazoo in 
good condition, with a dissolved oxy- 
gen content of about 90 per cent satu- 
ration. 


Upon receiving the municipal 


Utilizine 





sewage, deinking and other industrial 
wastes the dissolved oxygen in _ the 
river soon dropped to about 20 per 
cent of saturation and the B.O.D. of 
the river water had increased. In the 
drought year of 1930 the dissolved 
oxygen in the river was entirely de- 
pleted at the Plainwell sampling sta- 


tion. The river had recovered con- 
siderably at Allegan, some 35 miles 
downstream from Plainwell. The 


population equivalent of the deinking 
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FIGURE 10.—Observed and computed dissolved oxygen content of Kalamazoo River 
under summer drought conditions. 
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FIGURE 11.—Computed dissolved oxygen content of Kalamazoo River under summer 
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wastes from three of the eight mills in 
the district has been 
110,400 on the basis of 
B.O.D. per capita per day. 

During the summer of 1946 the 
National Couneil Kalamazoo Project, 
in cooperation with the Michigan 
Stream Control Commission, the U. 8. 
Geological Survey, the pulp and paper 
companies in the Kalamazoo area, and 
the National Council Manhattan Col- 
lege Project, have made a comprehen- 
sive stream pollution survey of the 
Kalamazoo River. Based on_ the 
wealth of data obtained in the course 
of this survey a more complete and ac- 
curate stream analysis of the river may 
be available for a later paper. 


0.167 Ib. 


Methods for Treatment of 
Deinking Wastes 
Several extensive researches have 
been carried on to discover and develop 
satisfactory methods for reducing the 
turbidity, color and B.O.D. of deink- 
ing wastes. The following methods for 
clarification of deinking wastes have 
been investigated to date: plain sedi- 
mentation, including lagooning, dilu- 
tion, heating, filtration, centrifuging, 
treatment with gases, and with many 
chemical coagulants; for removal of 
color, chemical coagulants and solid ad- 
sorbents; and for lowering the B.O.D., 
chemical treatments and aeration with- 
out and with addition of sewage. 


Sedimentation 


Plain ‘settling or sedimentation re- 
moved usually from 70 to 80 per cent 
of the suspended solids in from 2 to 
4 hours (Figures 6, 7 and 8). For 
example, one deinking waste contained 
2,010 p.p.m. suspended solids; this was 
reduced after 2 hours of plain settling 
to 554 p.p.m., after 4 hours to 511 
p.p.m., after 24 hours to 355 p.p.m., 
and after 48 hours to 323 p.p.m. These 
were reductions, respectively, of 72.4, 
74.5, 87.2 and 88.9 per cent. One or 
two deinking wastes received did not 
clarify very much even after a 24-hour 
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period of plain settling. The 
pended solids weighed after drying at 
105° C. varied in the samples of de- 
inking wastes received from 570 p.p.m. 
to 3,072 p.p.m. (4.76 to 25.64 Ib. per 
1,000 gal.). Sinee some mills dis- 
charge from 3 to 5 m.g. of liquid de- 
inking wastes per day the disposal of 
thousands of tons of wet settled sludge 
per year would be an important factor 
in the design of a waste treatment 
plant. The turbidities of the deinking 
wastes received ranged from 600 p.p.m. 
to 3,200 p.p.m., with an average from 
12 samples of 2,004 p.p.m. (Table V1). 
In general the turbidities were not re- 
duced by plain sedimentation as much 
as were the suspended solids. 


Sus- 


Lagooning of Deinking Wastes 


Investigations were made on_ the 
effluents from the lagoons into 
which two pulp and paper mills 


discharge their wastes. One of the 
mills has a single large lagoon, 60 
acres in area, 30 ft. deep and with 
estimated detention period of 3 
months. At the other mill there are 
four smaller lagoons, each one lower 
than the preceding one so that the 
wastes flow from one to the next in 
series and are aerated to some extent. 
Reductions in suspended solids range 
from around 71 to 98 per cent and in 
turbidities from about 63 to 93° per 
cent (Table VII). Apparently plain 
sedimentation, where plenty of land of 
favorable topography is available, is 
one method by which the suspended 
solids and turbidity of deinking wastes 
ean be greatly reduced, but this 
method may not be so _ satisfactory 
from other standpoints. 


Dilution 

Dilution of deinking wastes with tap 
water at Mellon Institute retarded 
somewhat the settling of suspended 
solids in all but one of the samples 
tested. The effects of dilution on the 
rate of settling and compaction of 
suspended solids are shown in Figure 
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FIGURE 12.—Effect of dilution on settling and compacting of deinking waste. 


12. A deinking waste from a Wiscon- 
sin mill was rapidly clarified by di- 
lution with Fox River water, but was 
not so affected by dilution with the 
city water of Kalamazoo, Mich. Evi- 
dently the kind of deinking waste and 
nature of the dilution water are im- 
portant factors to be considered in the 
treatment of deinking wastes by the 
dilution method. While this method 
may have certain applications for 
favorably located mills, as a general 
method for treatment of deinking 
wastes, based on results of laboratory 
tests, it cannot ‘be recommended for 
clarification purposes. 


Heating 


Heating coagulates and hastens the 


settling of some organic materials, 


hence the possibility of using waste 
steam to heat deinkinge wastes was 
considered. Results of experiments 
showed little favorable effect of heat- 
ing deinking wastes to different tem- 
peratures including boiling. Even if 
the laboratory tests had given favor- 
able results, the costs for heating the 
million or more gallons of wastes per 
day would make this method prohibi- 


tive unless very large quantities of 
waste heat were available. 
Filtration 


Filtration of deinking wastes on a 
laboratory scale proved unsatisfactory. 
A special cylindrical filter was made 
which gave large surface area and con- 
tained a stirrer to keep the suspension 
of solids uniform during filtration, but 
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even with this apparatus poor results 
were obtained. If a filter paper or 
cloth of sufficiently fine texture to re- 
tain the very fine particles was used 
the rate of filtration soon beeame ex- 
ceedingly slow and pressure required 
high, both factors making for high 
costs of operation and indicating the 
requirement of so many filters that 
this method would not be considered. 
When a coarser weave fabric was used 
as the filtering medium the filtrate was 
dark, almost black in some tests, and 
contained much colloidal matter. 
Centrifuging 

Centrifuging is another unit opera- 
tion of chemical engineering often 
applied industrially to separate solid 
particles from the liquid in which they 
are suspended. Research at Mellon 
Institute with a 5-in. diameter basket 
laboratory centrifuge, using different 
mesh filter cloth liners in the basket, 
with and without prebuilt cake, filter 
aids, various rates of liquid flow and 
at velocities ranging from 1,800 r.p.m. 
to 6,000 r.p.m., all gave unsatisfactory 
results. For tests on pilot plant size 
centrifuges, 5-gal. samples of deinking 
wastes were sent to the Sharples Cor- 
poration and to the Bird Machine 
Company and they kindly cooperated 
in conducting the experiments. The 
report from the Sharples Corporation 
stated that with their laboratory 
super-centrifuge operated at _ half 
speed, giving a force 3,500 times grav- 
ity, there was some removal of sus- 
pended solids but the clarified effluent 
from the bowl still contained so much 
suspended and colloidal matter that 
the operation was considered quite in- 
effective. The Bird Company re- 
ported that the deinking waste could 
not be satisfactorily clarified in their 
continuous type centrifuge. 

An important contribution to avail- 
able information on centrifuging of 
deinking wastes has recently been re- 
ceived and is ineluded in this report 
by special permission (9-a). A pilot 
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plant Bird Continuous Centrifugal 
Classifier having a eylindrieal bowl] 18 
in. in diameter by 28 in. was operated 
at 2,000 r.p.m. (which gave a force 
equal to 1,000 times gravity) on de- 
inking waste. The flow varied from 
215 to 12 g.p.m., but no separation of 
solids was accomplished, even at the 
low feed. It was coneluded that con- 
tinuous separation of solids in a Bird 
centrifuge was not possible for the fol- 
lowing reasons: 

1. The small particle size and low 
specific gravity of the solids to be sepa- 
rated. 

2. The large amount of turbulence 
set up in the machine by the internal 
discharging screw conveyor. 

3. The low concentration of solids in 
the effluent—approximately 20 Ib. per 
1,000 gallons. 


An economic analysis showed that 
this method of centrifugal separation 
was not feasible. ‘‘To handle the flow 
from the Ist cylinder deinking waste 


would require 16 centrifuges, each 
handling 100 gallons per minute. The 


cost of purchasing and installing these 
machines would run about $250,000 
and require 50 h.p. per unit to operate. 
The power cost would be around $43 
per day.’”’ 


Chemical Coagulation 


Clarification of deinking wastes by 
treatment with chemical coagulants * 
to remove suspended and _ colloidal 
matter has been extensively investi- 
gated. Researches on 28 different de- 
inking wastes have been carried on 
using the conventional 4y-gal. jar and 
a specially constructed 1-gal. jar (Fig- 
ure 13) coagulation testing machines. 
Separate tests employing the follow- 


* A preliminary paper on this extensive in- 
vestigation, giving details of procedures, was 
presented by Miss H. Gladys Swope to the 
Division of Water, Sewage and Sanitation 
Chemistry of the A.C.S. at the national meet- 
ing in Atlantic City, N. J., April 8-12, 1946. 
This paper has not as yet been published. 
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FIGURE 13.—Coagulation studies; special equipment for 1-gal. jar tests. 


ing coagulants were made on the waste 
liquors as received and on many of 
the supernatant liquids after plain 
settling: sulfuric acid; alum; lime; 
activated silica and alum; activated 
silica’ and lime; activated silica, lime 
and alum; ferric chloride; copperas; 
ferric sulfate; sodium aluminate in 
conjunction with alum, lime and cer- 
tain iron salts; liquid aluminum chlo- 
ride; monochloracetie acid; and waste 
pickle liquor. Extended  investiga- 
tions of the effects of rate of mixing 
the coagulant with the deinking waste 
showed this factor was very important. 
With the large coagulation testing ma- 
chine a stirring rate of 60 r.p.m. for 5 
min. followed by a rate of 25 r.p.m. 
for 15 min. gave the best floe forma- 
tion. The best results in coagulation 
and precipitation of suspended and 
colloidal solids were in general ob- 
tained with lime or sulfurie¢ acid, al- 
though lime with silica, and alum with 
silica, had the best effects on some de- 


inking wastes, and waste pickle liquor 
gave 2ood results in the few tests made 
with it. Tables VIII, IX and X indi- 
cate the methods applied and give 
typical data obtained in the many 
series of experiments run and the hun- 
dreds of analytical determinations 
made. 

The results of these laboratory ex- 
periments indicate that with certain 
deinking wastes considerable savings 
in the costs of chemicals for treating 
the wastes would be made by plain 
settling of the suspended solids before 
applying the chemical coagulants; 
with other samples there was not so 
much difference in the estimated costs 
between applying the chemicals to the 
original deinking waste or to the super- 
natant liquid after a period of free 
settling. Another factor to be con- 
sidered is that if treatment with sul- 
furie or other acid coagulant would 
make the waste too acid in reaction 
it would be necessary to add some lime 
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TABLE VIII. \ Clarification of Deinking Wastes by Sulfuric Acid 
| 
4 be sid as Volatile wees Solids 
Mill and Tur * | Total | Mois- | Solide— — 5-Day 
Seugie Bg ine pH bidity pm.) | Solids rte ‘ier ~~ ya 
set iat (p.m) a | Pp) | (%) | Basis | rota | vol. | Fixed | (p.p.m.) 
pe | M.O.*| (%) ess Se 
A-9 0 12.21} 2500 100 | 1266 | 4399 | 99.56! 44.96 | 2156 | 915 1241 640 
95 5.51 25 0; 46 3175 | 99.68 | 22.35 2 | a 8 410 
ES | | 
| | eee 
B-3 0 11.5 | 1050 gm10 | 304 | 1816 | 99.82) 51.63 | 867 363 504 410 
16 5.6 12 0 28 | 929 | 99.91 | 48.48 7.5| 7.4 0.1; 205 
C-2 0 | 7.7| 1700 0) 495 | 3729 | 99.63| 41.03 | 1979 |633 | 1346 | 620 
84 | 39| 64 picid | 3543 | 99.65| 30.91) 35 | 25 | 10-| 340 
D-2 0 8.1 | 1000 Bo 465 | 2675 | 99.73 | 45.66 | 1151 | 452 699 580 
37 4.4 30 4] 6 | 2000 | 99.80 | 36.87 20 10 10 380 
E-3 0 | 89 | 2900 M45 | 776 | 3676 | 99.63] 42.60 |.2094 663 1431 | 670 
60 5.3 23 0 85 | 2355 | 99.76} 31.42 ii, 0 7 495 
f Se ! | | 
F-5 0 | 85] 3000 & 0 | 1025 | 5230 | 99.48] 35.67 | 2990 /s90 | 2100 | 700 
80 4.5 25 iW 0 58 3430 | 99.66 | 20.28 | 13 | 5 8 440 
































* P=Phenolphthalein alkaligty. 
** M.O. =Total alkalinity tcf nethyl orange. 


or other alkali to restg:e sufficient 
alkalinity in the effluent! before dis- 
charging the treated Ywaste into 
streams. 


lia 


’ Tables II, 
a given flow 


With the data given i 
VIII, IX and X, and for 
of deinking wastes, calcujated estima- 
tions can be made as to the total quan- 
tities of chemicals required, detention 
periods necessary, fixed and volatile 
(fiber) solids, sludge precipitated and 
B.O.D. Some data on estimated costs 
are given which indicate that the ex- 
penditure for the most favorably react- 
ing chemicals necessary to treat certain 
original deinking wastes would be 
around $8 to $56 per million gallons. 
Usually the costs for chemical treat- 
ment of the supernatant liquid from 
plain settling were lower than for treat- 
ing the original wastes. All the caleu- 
lations are based solely on the results 
of laboratory experiments, and pilot 
plant investigations should as a general 
rule be run before large investments 
are made in industrial size treatment 
plants. 


Treatment with SO,, CO, and Air 


The use of gases for treatment of 
deinking wastes has been investigated 
to some extent, applying in separate 
experiments: sulfur dioxide, carbon di- 
oxide, and air. Carbon dioxide is pres- 
ent in considerable quantities and sul- 
fur dioxide, when bituminous coal is 
used as the fuel, in appreciable amounts 
in the waste stack gases at most pulp 
and paper mills. Hence, these gases 
would be cheap chemicals to use if 
their effects on the liquid wastes were 
favorable. 

With sulfur dioxide a rapid flow of 
the waste down through the glass tube 
packed with glass beads was found 
preferable to slow flow; the floc did 
not form until a pH of 4.5 was reached 
and good settling and clarification was 
obtained with the treated liquid at a 
3.6 final pH. 

The results of gassing deinking 
wastes with carbon dioxide were rather 
variable. In the two best runs after 
4 hours of carbonation followed by a 
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TABLE X.—Reductions Accomplished by Plain Settling and by Chemical Treatments of 
Original Deinking Waste E-3 and of Its Supernatant Liquid after Plain Settling, E-3S 


Dosage | Cost* Final pH 


Treatment (gr./gal.) ($/1,000 gal.) 


Settled | 0 0.000 7.8 
H.SO, | 60 0.064 5.3 
H.SO,; | 60 0.054 5.9 
Alum | 49 0.081 7.0 
si0.+ 0.425 
Alum | 29 0.050 7.3 
Lime | 55 0.035 12.4 
Lime | 45 0.029 12:2 
Si0.+ | 0.425 
Lime | 32 0.023 11.9 
Si0.+ | 0.300 
Alum+ 24 
Lime | 24 | 0.056 9.6 


H.SO, | 47 0.050 3.9 
Alum 45 0.074 6.3 
Si0.+ 0.625 | 

Alum 44 0.076 7.1 
Lime 27 0.017 11.6 
Si0e+ 0.325 

Lime 29 0.020 11.6 
SiO.+ | 0.325 

Lime+ | 2% 

Alum 22 0.052 9.0 


Settled Deinking Waste E-38 


Per Cent Reduction 


Original Deinking Waste E-3 


Turbidity | Total Solids | —. | BOD. 
56.90 30.52 | 6289 | 26.12 
99.21 35.94 | 9938 | 48.51 
97.93 36.92 | 98.23 | 41.04 
96.69 51.14 97.80 | 34.33 
96.21 | 54.13 | 95.89 | 37.31 
99.48 52.26 | 99.71 | 47.76 
97.59 | 53.29 .| 98.28 | 35.82 
99.14 | 5933 | 9871 | 34.33 
97.59 | 55.60 | 97.42 | 34.33 


98.40 27.37 | 98.58 29.29 


96.40 32.26 | 96.78 28.28 
98.16 38.72 96.27 29.29 
94.80 45.58 93.69 LAT 
98.00 45.97 97.68 11.11 
92.32 39.90 88.67 21.21 


* All estimated costs based solely on results of laboratory experiments. 
Base prices used: Sulfuric acid 66° Be.—$15.00 per ton; alum—$1.15 per ewt.; Lime—$9.00 
per ton; sodium silicate ““N’’ brand—-$1.05 per ewt. in drums. 


2-hour settling period, suspended solids 
were reduced from 934 to 202 p.p.m. 
and 5-day B.O.D. from 340 to 163 
p.p.m.; and in the second sample from 
1,534 to 654 p.p.m. and 340 to 250 
p.p.m., respectively. In neither experi- 
ment was much of the colloidal matter 
removed. 

Two other experiments were run ap- 
plying carbon dioxide to deinking 
wastes prior to treatment with sulfuric 
acid. With one of the wastes pre- 
carbonation reduced the amount of 
acid required by about one-half; with 


the other waste approximately the same 
quantity of acid was required to obtain 
clarification as when no carbonation 
had been applied. 

In view of some favorable results 
obtained, however, investigations of the 
effects of stack gases, preferably from 
a mill using high sulfur coal for fuel, 
are planned. The above tests were run 
with commercial gases in cylinders and 
it evidently would not be economical 
to purchase such gases for. treating 
deinking wastes. 
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Bioaeration 

Bioaeration of deinking wastes to re- 
duce their B.O.D. and _ total solids 
content has proved partially success- 
ful when the waste is mixed with some 
sewage. The B.O.D. of several deink- 
ing wastes tested at Mellon Institute 
ranged from 400 to 700 p.p.m. and, in 
the supernatant liquid after plain set- 
tling of suspended matter, from 310 
(one doubtful result was 260 p.p.m.) 
to 590 p.p.m. The results of tests on 
fresh samples at the Kalamazoo Station 
were of approximately the same order 
of magnitude. Additional tests made 
at the Kalamazoo laboratory on com- 
posite samples of waste liquors gave 
B.O.D. values ranging from 358 to 
1135 p.p.m. (Table XI); cooking 
liquors drained from raw stock had 
B.O.D.’s of from 2,150 to 2,430 p.p.m. 
(Table XII); and waste liquors and 
wash waters from Hollanders or beat- 
ers, washers, cylinders, Deckers and 


TABLE XI.—Summary B.O.D. and Solids Data On Deinking Wastes, Kalamazoo Projec 


| Suspended Solids (%) 
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other unit operations (Figures 3, 4 
and 5) gave 5-day B.O.D. values of 
from 79 to 718 p.p.m. (Table XIII). 

The average B.O.D. of municipal 
sewage varies from around 125 to 250 
p.p.m. The data given in Table III 
showed that from 71 to 89 per cent of 
the B.O.D. in deinking wastes was 
dissolved in the liquid while the much 
smaller portion was in the more easily 
removed suspended solids. This makes 
the problem of B.O.D. reduction more 
difficult than if the distribution of the 
B.O.D. was reversed. While the total 
B.O.D. of an average deinking waste 
is not high compared to some other 
pulp and paper mill wastes, such as 
spent sulfite liquors, which range in 
the order of 30,000 p.p.m. or higher, 
still the B.O.D. values of most of the 
deinking wastes tested were high com- 
pared with average municipal sewage. 
Hence, an extensive series of researches 
is in progress to ascertain the most 





Total Solids (%) 











| Number of | } 
Mill | Sample Date | ‘Samples ‘a 4 = a — | haps 
, Solids Ash Solids | = Ash | 
Oct. 5 | 1 _ ~ — | | 358 
8 | 1 } — - 533 
17 | 1 ; oo - | - 613 
Nov. 12 | I | 0.216 69 | — 530 
| 19 | 1 | 0.226 70 0.411 | 57 522 
|! Dec. 4 | 1 0.204 —_ — — 465 
| 8 8 0.203 69 0.364 58 450 
| 13 | 1 } — ~~ — 431 
27 | 15 | 0.183 3 | 02m | @ 374 
| 28 | 12 | 0.228 71 | 0401 | 857 558 
| 2 | 12 0.183 71 | 0308 | 56 380 
j; Jan. 21 | 1 0.169 75 | 0.299 59 478 
| | | Pee eer a eee 
| Average | | 0.201 71 | 0.350 | 59 474 
F | Oct.25 | 1 | 0.283 eee 543 
Mo] 8 | 0.292 64 | 0465 | 54 | : 
Nov. 29 | 1 | 0.284 70 0.484 58 | ~S 598 
| Average — | 0.286 69 0.475 | 56 570 
| | 
I | Feb. 1 | 12 0.268 62 | 0498 | 52 1030 
| 2 12 0.334 58 | 0.587 | 47 1135 
| } 1 ae as ee ae iat ae ca 
| Average | si | 0.301 60 | 0.543 | 50 1080 
| | 
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TABLE XII.—B.O.D.’s of Cooking Liquors Drained from Raw Stock and in Wash Waters 
from Experimental Washing of Diluted Raw Stock 
(a) B.O.D. of Cooking Liquor Drained from Raw Stock: 


B.O.D. of Plant B.O.D. of Drained Ratio 





Date Waste (p.p.m.) | Liqucer (p.p.m.) | 
12/ 8/45 450 | 2150 1:4.8 
12/27/45 347 2000 1:5.3 
12/28/45 380 2420 1:6.4 
12/28/45 | 558 2430 1:4.4 





(b) B.O.D. of Wash Waters from Experimental Washing of Diluted Raw Stock; Run No. 7; 
Mill H; Mixture of Magazine and Ledger Cooked at 235° F. for 4 Hours: 

















Suspended Solids | Weight enn | B.O.D. 
Sample te fel Ce ec es = pee ee 
me Solids Volatile | Solids | Volatile | p ee 
(%) | | (em) | ‘(@m.) | P.P.M. | Gm. 
Diluted Raw Stock.....| 320 | 0.9514 | 0.8176 | 3.040 | 2.615 | eA 
Ist Wash Water........| 280 | 0.1067 | 0.0317 | 0.299 | 0.089 | 833 | 0.23835 
2nd Wash Water.......| 295 0.0559 | 0.0203 | 0.165 | 0.060 | 107 | 0.0316 
3rd Wash Water..... : 315 | 0.0283 | 0.0125 | 0.089 0.0389 | 45 0.0142 
4th Wash Water........ 295 | 0.0219 | 0.0115° | 0.065 | 0.034 | 44 0.0130 
Washed Stock.......... | — | — — | 2316 | 2980 | — | : 
Total Wash Water plus | | | 
| 2.452 | — | 0.2923 
| 


Washed Stock..... | - = = | 2.934 


| 


Note: Washing and beating procedure—13.6 gm. of cooked stock direct from rotary cookers 
was diluted with 68 ml. of distilled water and beaten in Waring blendor for 15 sec., then further 
diluted with 238.4 ml. distilled water for washing. 

Summary: Raw stock 86.0 per cent volatile suspended solids; washed stock 96.5 per cent volatile 
suspended solids; fiber yield 73.3 per cent; total B.O.D. 96.2 lb. per 1,000 Ib. raw suspended solids. 


economical method for reducing the duction of B.O.D., about the same as 
B.O.D. of deinking wastes. was obtained by free settling. When 
The first line of attack for reducing small or large quantities of sewage 
the B.O.D. was a series of experiments were mixed with the deinking wastes 
in which deinking wastes alone, sewage the reduction of B.O.D. of the mixtures 
alone for control data, and mixtures continued as long as aeration was con- 
of deinking wastes and sewage were tinued, which was 10 hours in the 
aerated at different rates of air flow earlier series of experiments. 
and for various periods of time. <A A specific example of the effects of 
specially assembled apparatus was used aeration is given by experiments on 
for the aeration investigations (Fig- deinking waste E-4. The original 
ure 14). After aeration for 5 hours, B.O.D. of this waste was 460 p.p.m. 
10 hours or other time intervals, the After 5 hours aeration followed by a 
air was shut off and the suspended 2-hour settling period the B.O.D. of 
solids allowed to settle for 2 hours. the supernatant liquid was 300 p.p.m., 
Then portions of the supernatant liq- and after 10 hours aeration the B.O.D. 
uids were drawn off for chemical analy- _ was still 300 p.p.m. On the other hand 
ses and 5-day B.O.D. tests. the mixture of E-4 with 25 per cent 
Results to date show that aeration of | sewage had an original B.O.D. of 375 
the deinking wastes alone up to 10 p.p.m.; after 5 hours aeration the 
hours gave only 25 to 35 per cent re- B.O.D. of the supernatant liquid was 
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TABLE XIII.—Quantities and Properties of Washer Wastes in Deinking Processes 
(a) Flow Data: 








Per Cent of Time Washers 
Operated on Week Days Maximum 
1-hour Flow 


Average Flow 
Length of Con- 









































Mill tinuous Record Rate 
(duys) | One Washer | Two Washers One Washer (m.g.d.) 
| in Operation in Operation ae ) ‘a _ Two Washers 
| | (m.g.d.) (m.g.d.) = | 
ee ee eoees | | | 
} } | | 
rol: & f= | ae 4. ea Tt ee: ee 
:. 3 7 | o7oe | — 96.5 | 0 | 0.800 
I 1 0.627 0.911! 46.4 47.9 | 1.015 
pa eee ree, emer ne ae. e aa 
(b) Waste Analysis: 
sis | NT eR Or B.0.D. Suspended Solids (%) | Total Solids (%) 
° | Samples Averaged (p.p.m.) 
Solids | Ash Solids | Ash 
F 2 570 0.286 | 69 +| O47%5 | 56 
1D 12 474 0.201 71 | 0.350 59 
I 2 1080 0.301 | 60 | 0.543 | 50 
(c) Quantity of Waste: 
= S =e 
| Suspended Solids | | 
| Equivalent Equivalent 
Mill Average Flow | B.O.D. Population Population 
al (m.g.d.) (Ib./day) Volatile on Basis of on Basis of 
Tons per Day Fraction B.O.D.* Solids? 
(tons/day) | 
F 1.94 | 9230 23.2 7.2 | 55,200 | 277,000 
I 0.680 2690 5.7 1 Vay 16,000 | 68,000 
I 0.728 6560 9.15 3.7 | 39,200 | 363,000 











305 p.p.m., and after 10 hours aeration tion. Special investigations are also 
the B.O.D. was 185 p.p.m. This was being conducted at the Kalamazoo Sta- 
a reduction of 50.67 per cent in B.O.D. tion to determine definitely whether 





produced by 10, hours aeration. 

In later aeration experiments the 
B.0.D. of a deinking waste having an 
initial 5-day B.O.D. of 480 p.p.m. was 
mixed with 5 per cent of sewage and 
the mixture aerated for 127.5 hours; the 
final B.O.D. of the supernatant liquids 
from the duplicate runs were 89 and 
81 p.p.m. (Table XIV). 

The results of the most recent in- 
vestigations indicate that on long time 
aeration, without additions of sewage, 
the B.O.D. of deinking wastes can be 
greatly reduced. Further researches 
are under way to develop a biological 
flora which will reduce the B.O.D. of 
deinking wastes to satisfactory limits 
during much shorter periods of aera- 


aeration and biological action can eco- 
nomically reduce the B.O.D. of deink- 
ing wastes to limits acceptable by state 
water control agencies, and progress 
is being made on this difficult prob- 
lem.* 


Analysis of Mill Operations 


Important information along these 
lines was obtained among the results 


* The results of researches along this line 
since the presentation of this paper have 
shown that after the right flora has been 
built up approximately 85 per cent reduction 
of the B.O.D. of the deinking wastes can be 
attained in about 8 hours. Investigations are 
being continued toward a still further re- 
duction of B.O.D. in a shorter time. 
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TABLE XIII.—Quantities and Properties of Washer Wastes in Deinking Processes (Cont.) 





(d) B.O.D. and Solids Surveys: 


























Suspended Solids (%) | Total Solids (%) 
Sample AE Is ae pH B.O.D. 
oe se | (p.p.m.) 
Solids Ash | Solids | Ash 
Mill E 
JCS Sr | 0.089 39 0.143 55 7.70 246 
Bleach Water.................-. | 0.036 50 0.081 59 8.23 167 
Second Cylinder Water........... | 0.126 68 0.192 68 8.65 162 
ee eee | 3.96 iz 4.7 20 = — 
Raw Stock and Wash Water...... | 1.108 22 1.261 26 9.55 —— 
7 SE enn Me: 69 0.364 58 9.45 450 
Product of Ist Cylinder..........| — — 7.20 13.3 — —- 
Product of Process:.............. a —- 6.88 6.2 —_ — 
Liquid Drained from Raw Stock...} 0.575 72 1.197 56 9.98 2150 
Raw Stock after Draining ~ - 8.21 15 — — 
Wiltwate of Waste..;:.........5... - — -— — -— 483 
Filtrate of Raw Liquid........... — — 1872 
Mill G-C 
TSG CS | 0.080 51 0.155 50 7A2 87 
et Cpliadier..................... | 0.079 | 57 0.156 59 7.74 94 
Waste to Sewer from Decker...... | 0.096 | 66 0.182 58 8.06 119 
Filtrate of Decker Waste......... — -— 0.089 16.1 — 79 
Waste to Sewer from Hollander. ..| 0.308 73 0.512 59 8.64 718 
Filtrate of Hollander Waste...... .| : > o2is 7 — — 546 
Raw Stock to Hollander Washer...| 4.1 | 14.1 4.54 | 16.3 — — 
Stock from Holland Washer.......| 8.5 | 10.7 7.56 11.8 -— -- 
Product of Ist Cylinder.......... | 343 | 9.0 3.80 10.4 — ~ 
Product of Dockers.............. | 3.54 79 | 363 | 8.49 -- — 
Drain Liquid from Raw Stock....| 0.297 67 | 0.626 | 52.7 9.00 1120 
Drained Raw Stock.............. aa — 965 | 11.4 _ — 











1 Not including excess brown water or excess bleach water. 
2 Equivalent population based on 0.167 lb. 5-day B.O.D. and suspended solids per day. 


TABLE XIV.—Aeration of Deinking Waste A-11-S. Comparison of 5-Day B.O.D. 
after Different Periods of Aeration 


5-Day B.O.D. at 20°C. (p.p.1 























n.) 
Aco | fee Vv | 
erioc | | : 75% Waste , , r 
(hr.) | - | Il | I\ oe a VI VII (Tube) 
% Sewage ‘ racte | 73% Waste | 50% Waste | “= 49 SeWaBE | 950, Waste | 95% Waste 
I fo SEWRES | MOO Wants 25% eal 50° ( Seas | nas conto 5% Seaune 5% ‘dowel 
| | | Sludge 
oa ie me tin ep ae a S “= 
0 480 420 } 89 | 475 | 425 405 400 
5 138 | 385 | 315! | 280! 313! 325! 323! 
10 53 395 305! | 205! 290! 325! 305 
38.75 19 | 350 | 204 «=| 134 158 260! 264! 
84.25 25 | 293 83 | 46 72 222 188 
127.5 _— | — | — | — — 89 81 





1 Final dissolved oxygen after 5 days was less than 1 p.p.m. 
indicate the general trend in reduction of B.O.D. 


These data included only to 
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FIGURE 14.—Apparatus for experimental aeration of deinking wastes. 


of the analyses of unit operations in 
three deinking mills in the Kalamazoo 
district. The calculations of the solids 
balance surveys showed that the first 
cylinder accomplished removals of total 
solids ranging from 76.4 to 80.5 per 
cent and of B.O.D. material from 82.0 
to 84.5 per cent. The advantages of 
operating the washers at maximum 
loadings were evident by reduction in 
one case of wash water volume from 
22,000 to 14,020 gal. per 1,000 Ib. of 
raw fiber; an increased yield of fiber 
of from 1.5 to 2 per eent; and with no 
marked reduction in the quality of the 
product. 

Independent tests showed that the 
major portion of the B.O.D. is in the 
cooking liquor and not in the sus- 
pended solids, which confirmed the con- 
clusion drawn from laboratory tests 
on several deinking wastes. From these 
and other data it would appear to be 
possible to remove 72 per cent of the 
total B.O.D. of the entire plant wastes 


by segregation of the removals in the 
first cylinder. The volume of this 
liquid would be about 17 to 25 per 
cent of the present total volume of this 
plant’s liquid wastes. Further research 
on this concentrated waste is in prog- 
ress. 


Deinking Waste Sludge Treatment 


Investigations of the sludges settled 
from deinking wastes were conducted 
along three main lines: dewatering by 
(1) vacuum filtration and (2) by 
centrifuging and (3) the extent of 
sludge deposits in the Kalamazoo River. 
The sludges examined contained about 
1.5 to 4 per cent solids, and varied 
widely in volume when precipitated 
by plain settling or by different chemi- 
eal coagulants. The weights of the 
sludges settled after treatment of the 
deinking wastes by different coagu- 
lants, separated from the supernatant 
liquid and dried at 105° C., ranged 
from 3.52 to 34.76 lb. per 1,000 gallons 
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TABLE XV.—Weight of Dried Sludge Obtained from Clarifying Deinking Wastes 




















With Various Chemicals 
| Lb. of Dried Sludge (105° C.) per 1,000 Gal. of Waste 
Chemical Treatment | - 
|} a-9 | A-98 | B-3 | B-38 | C-2 C-28 | E-3 
— See ee a ee | 23.76 | 4.62 | 14.08 | 
OSC Srey ak me | 24.20 | 14.30 9.24 {| 440 | 32.78 6.38 13.42 
SiOe+Alum............}] 23.76 } 14.74 9.24 4.40 } 33.22 5.94 15.62 
BIND R eerie sia = as ays | 29.70 | 27.28 | 8.80 | 4.40 | 34.76 | 9.02 23.54 
are | 27.06 | 22.66 | 9.24 | 3.52 | 34.54 8.80 24.20 
Si02.+Lime+Alum..... | 28.38 | 38.94 | 880 | 440 | 33.00 6.60 22.00 
| { | 





(Table XV). On chemical treatment 
of the supernatant liquids after plain 
settling the weights of the sludges were 
usually much smaller. In the experi- 
ments on vacuum filtration and cen- 
trifuging the texture and quality of 
the “filter cloths and centrifuge basket 
liners were found to be important fac- 
tors. The sludges from plain settling 
usually dewatered more easily than 
those obtained by chemical treatments. 
Vaeuum filtration, using a specially de- 
signed and constructed filter so that 
the sludge could be stirred during fil- 
tration, produced filter cakes having 
moisture contents of 44.62 to 50.22 per 
cent. 

Dewatering the sludges by use of a 
laboratory basket centrifuge gave solid 
products containing about 44 to 59 per 
eent moisture. Five-gallon samples of 
deinking waste sludge were sent to the 
Sharples Corporation and to the Bird 
Machine Company for dewatering tests 
with larger and continuous type cen- 
trifuges. The tests with the Sharples 
super-centrifuge resulted in the ae- 
cumulation of a fibrous product in the 
bowl which amounted to 5.5 per cent 
by volume and contained 42.15 per cent 
moisture. The Bird Machine Company 
reported that at extremely low feed 
rates the solids discharge from their 
continuous centrifuge contained about 
40 per cent solids, that the effluent was 
not clear, and that the operation was 
considered not a satisfactory one for 
a continuous type centrifuge. 


If the sludge at any mill had to be 
dewatered mechanically a continuous 
rotary vacuum filter might prove to be 
the best type of machine for the pur- 
pose, and it might be necessary, as is 
often done in sewage disposal practice, 
to condition the sludge properly before 
filtration. Where sufficient land of fa- 
vorable location and character is avail- 
able the construction of sludge beds 
might be the most economical method of 
drying the sludge, allowing surface 
evaporation and ground seepage to dis- 
sipate the excess water in the sludge; or 
the sludge might be hauled or pumped 
as a concentrated suspension to im- 
pounding reservoirs or lagoons. Fur- 
ther researches on disposal and possible 
uses for deinking sludge are planned. 


Conclusions 


In reviewing the results of the re- 
searches and investigations carried on 
by the Fellowships of the National 
Council for Stream Improvement it is 
apparent that considerable progress has 
been made on the very difficult problem 
of the development of improved meth- 
ods for treatment and disposal of de- 
inking wastes. The important physical 
and chemical characteristics of thirty 
different deinking wastes have been de- 
termined analytically, and some of the 
limits in the properties of this very 
variable industrial waste have been 
ascertained. 

To reduce objectionable turbidity the 
quantities of suspended solids which 
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can be removed by plain settling were 
found by tests on seventeen deinking 
wastes to be 70 to 80 per cent in 2 to 
4 hours, and about 85 to 90 per cent 


‘in 48 hours; in lagoons removal of up 


to 98 per cent were obtained by long- 
time sedimentation. 

The effects on removal of suspended 
matter by treating several kinds of de- 
inking wastes, and the supernatant liq- 
uids siphoned off after plain settling, 
with various chemical coagulants and 
combinations thereof (total of 17) were 
determined. In the many laboratory 
investigations on chemical coagulant 
treatment of deinking wastes, sulfuric 
acid gave the best results with some 
wastes, alum or lime with others. 
Waste pickle liquors gave good results 
in the few tests made with it. In 
some tests the use of activated silica 
or sodium aluminate with lime or 
alum gave improved results; in other 
tests no improvement was noted. By 
selection and application of the cor- 
rect chemical coagulants to different 
deinking wastes, followed by a 2-hour 
settling period, a 98 to 99 per cent re- 
duction in turbidity may often be ob- 
tained. 

The color of the deinking wastes was 
in general reduced comparatively little 
by plain sedimentation. The applica- 
tion of chemical coagulants usually, but 
not always, decreased the color of the 
supernatant liquid. Ferric chloride 
produced a good floc, but the color in 
the supernatant liquid was increased. 
Alum and alum plus activated silica 
or sodium aluminate, of all the coagu- 
lants tried, gave in general the best 
results in color removal. However, 
these combinations would be more ex- 
pensive than some of the other chemi- 
cals if coagulation only was required. 
Apparently much of the coloring mat- 
ter in deinking wastes is in solution, or 
in the condition of very finely divided 
particles colloidally dispersed in the 
liquid waste, and hence is not precipi- 
tated by most of the common coagu- 


lants. Further investigations on re- 
moval of color are contemplated. 

Researches directed toward develop- 
ment of methods for reducing the 
B.O.D. of deinking wastes have shown: 
(1) that the larger portion of the 
B.O.D. is in the dissolved material in 
the waste; (2) that plain settling and 
treatment with different coagulants re- 
duced the B.O.D. only about 8 to 37 
per cent; (3) that approximately 70 
to 80 per cent of the B.O.D. of the 
liquid wastes of one entire plant was 
present in the removals made by the 
first washer cylinder; also that this 
B.0O.D. was contained in about 17 to 
25 per cent of the total volume of this 
plant’s wastes; (4) that aeration of 
the deinking wastes with and without 
admixtures of sewage gave reductions 
of from 50 per cent in 20 to 40 hours 
aeration up to 70 to 80 per cent in 
127.5 hours aeration. 

Some of the very recent results ob- 
tained indicate the possibility of de- 
veloping a biochemical aeration proc- 
ess for reducing the B.O.D. within a 
reasonable time period. Apparently, 
many laboratory researches on B.O.D. 
reduction and other phases of this diffi- 
cult industrial waste disposal problem 
will have to be carried on and fol- 
lowed by pilot plant investigations be- 
fore technically and economically satis- 
factory treatment processes are avail- 
able. 

It is also evident, because of the 
ereat variation in properties and com- 
position of deinking waste, that labora- 
tory control of the waste treatment 
plant will be essential to efficient and 
economical operation. 
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CHARACTERISTICS AND METHODS FOR TREATMENT OF 
DEINKING WASTES—A DISCUSSION 


By WILLIAM S. WISE 


Chief Engineer, State Water Commission, Hartford, Conn. 





A discussion of this paper would be others on which the Council is en- 


incomplete if it failed to give due rec- 
ognition of the praiseworthy policies 
that have been formulated by the Na- 
tional Council for Stream Improvement 
and the sound planning that underlies 
the investigation of this problem and 


gaged. No less recognition is due the 
member industries who so generously 
support this work. 

This paper and the investigations 
leading to its preparation have made a 
substantial contribution to the progress 
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of pollution abatement. The data pre- 
sented illustrate the size of the de- 
inking industry in this country. Based 
on a production of 400,000 tons of 
deinked paper pulp in 1944 the proc- 
essing of this pulp requires over 
25,000,000 gal. of water per day and 
the wastes produced and discharged in- 
to the waterways are composed of ma- 
terials which apparently have a popu- 
lation equivalent of over 800,000. 

The paper contains many data which 
are helpful and enlightening to a pol- 
lution abatement agency, even though 
further investigations and research are 
planned. It is quite apparent that 
both volume and composition of de- 
inking wastes vary widely among the 
different plants, depending upon the 
kinds of paper and processes used. 
This is true of all industrial wastes to 
the extent that each plant almost rep- 
resents an individual problem. How- 
ever, it is very helpful to a pollution 
abatement agency to learn that the in- 
dustry as a whole produces a certain 
volume of wastes per ton of, product; 
that the wastes have a composition 
varying between certain limits; what 
effect these wastes have upon the re- 
ceiving stream; the various processes 
that have been found to produce cer- 
tain degrees of treatment and the char- 
acter of effluent discharged from the 
various treatment processes. The paper 
presents this information even though 
a continuation of the research is de- 
sirable and contemplated. 

The paper interprets the polluting 
nature of these wastes in terms of 
B.O.D.—the usual standard. The ques- 
tion is raised as to the accuracy of 
the 5-day B.O.D. determined upon 
wastes having a pH of 11 or 12 ina 
number of instances. The suggestion 
is therefore advanced that future in- 
vestigations include oxygen consumed 
determinations, requiring less time to 
carry out, and which might be corre- 
lated to the B.O.D. values. 

The authors do not state the method 
used for determining suspended solids, 
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and it is assumed that the standard 
method was used. The paper industry 
apparently favors a more simple and 
less time-consuming method. The cor- 
relation of the figures from various 
determinations would be valuable in 
interpretation of the results. 

It is interesting to note the distribu- 
tion of B.O.D. in these wastes—70 to 
80 per cent is contained in the dis- 
solved material and only 20 to 35 per 
cent in the settleable solids. Further- 
more, most of the B.O.D. is contained 
in from 17 to 25 per cent of the total 
volume of wastes produced. Such in- 
formation is useful in deciding upon 
the size of treatment plant and the 
degree of treatment required to main- 
tain satisfactory conditions in the re- 
ceiving stream. 

The paper indicates that lagooning 
of these wastes has a definite applica- 
tion at plants where B.O.D. reduction 
is not significant and where a large 
area of otherwise useless land is avail- 
able, since suspended solids can be thus 
reduced from 70 to 98 per cent. 

The paper includes discussions of 
various treatment processes such as di- 
lution, heating, filtration on mechanical 
filters, centrifuging, the use of carbon 
dioxide, ete., bioaeration, and clarifica- 
tion with chemical coagulants. The 
results indicate that some of the proc- 
esses are not practical while others 
appear to offer some promise under 
certain conditions. 

Conditions in Connecticut, and un- 
doubtedly in many other States, indi- 
eate that treatment with chemical 
coagulants will have the widest appli- 
eation. The first part of this process 
is not difficult to operate. The kinds 
of chemicals and the amounts required 
will have to be determined upon the 
wastes produced by the individual in- 
dustry. The most difficult part of this 
process, which also applies to the 
chemical treatment of all types of in- 
dustrial wastes, is the handling and 
disposal of large volumes of sludge. 
Here again many industrial plants do 
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not have sufficient areas for sludge 
lagoons or sludge drying beds. This 
paper leaves the very encouraging im- 
pression that mechanical dewatering 
equipment may offer the solution to 
this large and important problem. It 
is hoped that further research will de- 
velop such equipment for practical 
use at a reasonable cost. 

A limited investigation of the treat- 
ment of deinking wastes has been made 
by the Connecticut State Water Com- 
mission through its research labora- 
tory at Wesleyan University, Middle- 
town, Conn. It must be pointed out 
that this investigation was limited by 
the fact that the deinking plant, after 
some preliminary operation and pro- 
duction, was foreed to close due to 
difficulties of operation under war con- 
_ditions. Furthermore, it was necessary 
to require a rather high degree of 
treatment of the wastes because of their 
discharge into a cove which was sur- 
rounded by attractive residences. 

The material to be deinked consisted 
largely of heavily sized magazine paper. 
The deinking process included the use 
of soda ash, sodium silicate and cer- 
tain fatty acids. The two principal 
wastes were those from the so-called 
thickener and the more dilute washer 
wastes. The average analyses of these 
wastes were: 








| Thickener| Washer 
| Wastes | Wastes 





PS ee | 10.2] 9.4 
Total alkalinity (p.p.m.)....| 900 350 
Total solids (p.p.m.).......| 3,800 | 725 
Volatile solids (p.p.m.)..... | 1,230 | 325 
Fixed solids (p.p.m.).......| 2,575 | 400 


Suspended solids (p.p.m.) —_| 2,900 410 
Oxygen consumed (p.p.m.) | 730 245 





Treatment with chemical coagulants 
was decided upon as the most practical. 
A number of coagulants were investi- 
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gated but for these wastes it was con- 
cluded that lime and alum produced 
the best results. The major part of 
the investigation was concerned with 
the treatment of the more concentrated 
thickener wastes. It was found that 
the addition of 4 lb. of lime and 4 
lb. of alum per 1,000 gal. of wastes 
produced fairly good results. How- 
ever, the supernatant liquor remained 
slightly turbid after 2 hours of settling, 
and the reduction of O.C. was about 
75 per cent. Further investigation 
disclosed the value of diluting the 
wastes prior to the addition of chemi- 
cals. It was found that if these wastes 
were diluted 1:1 with tap water and 
0.5 lb. to 1 lb. of lime and 1.5 Ib. to 2 
lb. of alum added, the supernatant 
after 2 hours settling showed a reduc- 
tion in suspended solids of 99 per cent 
and in O.C. of about 95 per cent. It 
was further found advantageous to 
allow a 10- to 20-min. period after the 
addition of lime before the alum was 
added in order to produce a clear 
supernatant. The sludge produced 
amounted to 10 to 15 per cent of the 
original volume, and the pH of the 
supernatant was about 8. 

It was tentatively planned to dis- 
pose of the sludge on drying beds as 
a temporary measure pending further 
investigation of other dewatering 
methods. 

The paper under discussion repre- 
sents a valuable contribution toward 
pollution abatement and_ illustrates 
what can be done when industries of 
similar nature combine into an as- 
sociation for the purpose of solving 
their pollution problems, with the 
further compensating advantage of 
better and more efficient production. 
This latter advantage appears gener- 
ally to follow, or results simultaneously 
with industrial pollution abatement 
measures. 
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PROBLEMS IN THE APPLICATION OF THE BIO- 
CHEMICAL OXYGEN DEMAND TEST TO PULP 
AND PAPER WASTES * 


3y Harry W. GEHM 


Technical Advisor, National Council for Stream Improvement, Inc., New York, N. Y. 


With the widespread application of 
the B.O.D. test to a great variety of 
industrial waste waters, it has been 
subjected to considerable criticism due 
to the frequency of inconsistent re- 
sults. Such eriticism is quite under- 
standable and arises from a number 
of factors. Some criticisms are justifi- 
able; others are not. 

In some eases too great a degree of 
accuracy is anticipated from a biologi- 
eal test by those constantly employed in 
chemical work. Any test subject to 
10 per cent error is frequently viewed 
askanee by industrial chemists. The 
requirement of a sufficient number of 
determinations to allow safe conelu- 
sions is at times not adhered to, and 
too often improper sampling, handling 
and technique account for highly vari- 
able results. Blind application of the 
method as described in the eighth 
edition of ‘‘Standard Methods’’ ean 
also lead to difficulties, since a knowl- 
edge of the factors involved in the 
determination and the characteristics 
of the waste being tested are neces- 
sary for the selection of a suitable 
modification. 

Instances where criticism is justified 
also exist. The test when used in the 
best of its present forms is not with- 
out shortcomings and for some few 
wastes, particularly those having high 
chemical demands, may never prove 
satisfactory. 

The answer is in further investiga- 
tion and not the diseard of a test for 





* Presented at Joint Meeting of New 
England Sewage Works Association and New 
York State Sewage Works Association; 
Albany, N. Y.; May 26-27, 1947. 
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which there is no adequate alternate. 
The writer can recall when the B.O.D. 
test for sanitary sewage was not uni- 
versally accepted because of inherent 
limitations. However, research has 
now made this a major criterion for 
measurement of the degree of sewage 
treatment and stream loading. 

If applied to industrial wastes with 
a knowledge of the requirements of the 
test and of the character of the waste, 
together with the selection of a suit- 
able technique, good results can be 
obtained with most wastes. This has 
been evidenced repeatedly by the 
checks obtained between stream survey 
data and computations made from 
loadings based on B.O.D. tests. It is 
also obvious that the test is satisfactory 
for many wastes by comparison of 
‘ates obtained for various wastes with 


-that of sewage, which may be con- 


sidered as containing all the ingredi- 
ents required by bacteria to operate at 
maximum efficiency and thus to pro- 
duce close to maximum rates. 


Factors Affecting B.O.D. of Pulp 
and Paper Wastes 


Since production of pulps, papers 
and paperboards produces wastes of 
widely varying composition and char- 
acteristics, it is quite natural that the 
measurement of the oxygen demand of 
some of them would present problems. 
This is particularly the case since most 
of these wastes are more or less de- 
ficient in nitrogen and _ phosphorus, 
which are so necessary if aerobic de- 
composition is to proceed at a normal 
rate, and some contain chemicals which 
act as depressants or are actually 
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TABLE I.— Comparison of Supplemented 
Dilution Water with River Water in Deter- 
mination of B.O.D. of Pulp and Paper Wastes. 








5-Day B.O.D. (p.p.m.) 








: Raw Effluent 
Sample . 
o Supple- Pi Supple- 
River mented —. | mented 


Water Water | Water 





Howard Process effluent diluted with sewage: 











1 665 665 170 | 185 
2 700 670 210 | 190 
3 740 710 130 | 130 
4 1,299 | 1,166 340 | 325 
5 1,248 | 1,182 330 | 255 
6 1,117 | 1,017 | 225 | 210 
7 1,682 | 1,782 | 420 | 420 
8 1,598 | 1,482 515 470 

9 1,749 | 1,552 - | 











| | erage gee 
10 670 710 | 465 590 








11 650 | 790 | 445 | 530 
12 660 | 760 | 440 | 530 
13 932 | 1,066 | 716 | 766 
14 899 | 999 |; 750 | 882 
15 999 | 1,282 | 682 | 849 
16 999 | 949 513 | 538 
17 932 983 | 550 | 468 
18 949 | 899 | 490 | 500 
19 1,299 | 1,599 | 810 | 790 
20 | 1,299 | 1,249 | 790 | 770 
21 1,332 | 1,299 | 820 | 680 
22 1,265 | 1,382 | 390 | 450 
23 1,399 | 1,365 | 400 | 470 
24 1,283 | 1,332 | 340 390 
25 1,600 | 1,657 | 675 | 700 
26 1,575 | 1,725 | a 
27 | 1,400 | 1,275 | 638 | 650 
Total | 30,940 | 31,547 |12,254 /|12,738 
Ree oan a Siecle’ —— | ages a 
PerCent| 100 | 102 | 100 | 104 
toxic. The presence in others of 


chemical oxygen absorbers such as bi- 
sulfites, and of wood sugars capable 
under some conditions, as pointed out 
by Martin (1), of promoting the de- 
composition of even resistant lignins 
further complicates the picture. 

Prior to the investigations of Lea 
and Nichols (2), the B.O.D. test as 
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applied to pulping effluents in par- 
ticular meant little when bicarbonate 
dilution water was employed. Tests 
using river waters gave considerably 
higher results, checking more closely 
observed stream conditions. The use 
by Lea and Nichols of a water supple- 
mented with nitrogen and phosphorus 
to a degree that the proper ratios of 
these elements to carbon were main- 
tained produced oxygen demand figures 
for sulfite waste liquor almost 100 per 
cent higher than did bicarbonate wa- 
ter. As examination of Table I will 
reveal, the supplemented water rec- 
ommended by these workers produced 
demand figures very close to those ob- 
tained in river water for diluted sul- 
fite waste liquor (raw), after lignin 
removal and after biological oxidation 
which removes most of the simple 
sugars. 

The importance of the Lea and 
Nichols findings to the accurate de- 
termination of B.O.D. for a number 
of the more important pulp and paper 
wastes is illustrated in Table II, in 
which the daily oxygen utilization in 
terms of percentage of the 5-day de- 
mand is compared to that of sewage 
according to Theriault (5). These 
determinations were made using neu- 
tralized waste samples and_ supple- 
mented seeded dilution water, and rep- 
resent the average of a number of de- 
terminations. 

It will be noted that paperboard 
waste, deinking washer waste, flax pulp- 
ing waste and kraft waste are all close 
to the sewage figures. Strawboard 
waste and sulfite liquor deviate some- 
what. In the ease of the former data 
was somewhat limited, and when more 
figures are available it will probably 
be found to simulate more closely the 
sewage figures. The slower rate ob- 
served for sulfite liquor may be due 
to a number of variables, some of which 
are known. The presence of sulfur 
dioxide slowly liberated from com- 
pounds in which it is loosely bound 
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TABLE II. Per Cent of 5-Day B.O.D. Satisfied 

















Sentior Paper Deinking | Combined Sulfite Flax Jute Combined 
Days haa Board Washer Strawboard Waste Pulping Pulping Kraft Mill 
: Waste Waste Waste Liquor Waste Waste Waste 

1 30 31 30 22 23 31 3 32 
2 54 56 62 69 41 59 19 67 
: 73 74 78 82 58 79 63 76 
4 88 89 91 86 75 91 95 90 
5 100 100 100 100 100 100 100 100 


























has been shown to have a depressing 
effect on aerobic decomposition. 

Sawyer (6) has demonstrated vari- 
ations dependent upon the degree of 
dilution in sulfite liquor B.O.D. tests, 
and recently Tyler (7) has shown that 
the present seeding technique can be 
inadequate under some conditions. In 
addition, Weston (8) has demonstrated 
the stimulative and adverse effect of 
the presence or absence and relative 
concentrations of various organic com- 
pounds which may or may not be pres- 
ent under the conditions of these tests 
or may vary in concentration through- 
out them. 

Jute pulping waste was the only one 
of those studied which deviated mark- 
edly from sewage, exhibiting a de- 
cided lag of unknown cause. Waste 
samples were neutralized prior to run- 
ning the tests and they were not be- 
lieved to contain toxic compounds. It 
is possible that the organic matter pres- 
ent is of a resistant nature since the 
raw material pulped was previously 
processed. 

Despite the limitations pointed out 
above the overall picture is decidedly 
encouraging since most of the wastes 
tested either follow the sewage rate 
closely or do not deviate widely enough 
to diseredit the test if it is run by 
modern methods. The figures are de- 
cidedly encouraging when it is realized 
that not long ago the B.O.D. test was 
considered unsuitable for several of 
these wastes, and had been replaced by 
the oxygen consumed determination. 
This was particularly true of deinking 
washer wastes for which B.O.D. figures 


obtained by the present method ex- 
ceeded former data as much as 200 
per cent, and in some instances ex- 
plained stream conditions previously 
unaccounted for on the basis of de- 
termined loadings. Thus it is felt that 
the Lea and Nichols studies have 
brought the B.O.D. test to a point 
where it can be considered satis- 
factory for most pulp, paper and 
paperboard waste. Despite these ad- 
vances, problems still remain. 


Fiber Oxidation 


One of the major questions regard- 
ing pulp and paper waste which is as 
vet unsolved is the rate of oxidation of 
fiber. ‘Some have held that fiber re- 
tained in suspension in a stream is 
but slowly decomposed and adds little 
to the oxygen demand. Others cite in- 
stances where fiber discharge in white 
waters appears to be the major factor 
in high oxygen depletion. Phelps (1) 
suggests that these diverse observa- 
tions may be due to the fact that in 
some streams cellulose is decomposed 
and others not, depending upon the 
relative numbers of cellulose decom- 
posing organisms present in the water. 

Experimental work at Rutgers Uni- 
versity dealing with the B.O.D. rates 
of paperboard mill waste before and 
after fiber removal yielded variable 
results. Pounds of 5-day B.O.D. per 
pound of volatile suspended solids 
were found to vary from 0.015 to 0.29, 
indicating wide variability in the rate 
of fiber decomposition over this time 
interval. In all cases sewage seeding 
was practiced and an excess of avail- 
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FIGURE 1.—Effect of added cellulose fiber on B.O.D. rate of clarified board mill 
white water. 


able nitrogen and phosphorus was pres- 
ent as well as considerable hetero- 
veneous dissolved organic matter 
normally found in such wastes. Indi- 
cations were that on longer periods of 
incubation fiber decomposition became 
more uniform. Results were not suffi- 
ciently reproducible, however, to be 
conclusive. B.O.D. tests in which cel- 
lulose fiber was added to clarified waste 
showed lower 10-day rate curves than 
those to which no cellulose was added, 
as illustrated in Figure 1. The only 
explanation forthcoming to explain 
this phenomenon is the possibility that 
some of the readily available dissolved 
organic matter becomes absorbed by 
the fiber in such a manner that it is 
not easily available to the microorgan- 
isms capable of oxidizing it. 
Attempts to obtain rates over longer 
periods of time produced results as 
shown in Figures 2 and 3. It appears 


from Figure 1 that the fiber decomposes 
rapidly after 10 days. It is likely, 
however, that the sharp rise in the 
latter portion of the curve in Figure 
3 is due to vitrification of the am- 
monia present rather than cellulose de- 
composition. This can be checked in 
a number of ways, and further study 
will undoubtedly supply the answer. 
In event that vitrification is the cause, 
the matter of obtaining an adequate 
method of determining the oxygen 
utilization over long periods of time 
of fiber in white waters will have to 
be evolved. If the rapid rise in oxygen 
utilization after 10 days is due to 
fiber, however, the inadequacy of pres- 
ent seeding methods is indicated, and 
Phelps’ theory (1) of the reaction of 
fiber in streams would appear sound. 
An effort was made to determine the 
oxidation rate of fiber of various types 
unassociated with other wastes, but 
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FIGURE 2.—Effect of added cellulose fiber on the oxygen demand of clarified board mill 
white water. 


supplying the required nutrients in 
the form of nitrogen and phosphorus 
salts. Results to date have been de- 
cidedly variable despite the fact that 
special techniques such as periodic agi- 
tation of the bottles to keep the fiber in 
suspension were resorted to. Asshown 
in Table 3, however, most of the com- 


mon types of pulp exhibited a distinct 
oxygen demand in 5 days. The figures 
presented also indicate that the ob- 
served demand is influenced to a de- 
cided degree by concentration. The 
most puzzling result is the variation 
between the various types of pulp since 
the oxygen demand in no way follows 
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FIGURE 3.—B.0.D. rate of raw board mill waste. 
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TABLE III.—Oxygen Utilized in Five Days Per Gram of Pulp 
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1.36 58 | 0 68s] SCS 73 | 30 120 
1.98 53 | 42 58 55 35 68 
2.64 56 44 52 | 39 | 49 73 
3.30 48 15 50 — 43 68 
6.60 —_— | 26 35 32 | 33 — 





the cellulose content, and the substances 
other than cellulose present are be- 
lieved to be highly resistant as the 
pulps were subjected to long washing 
prior to use. Groundwood, semi-chemi- 
cal and unbleached kraft ‘pulps con- 
taining about 35, 45 and 55 per cent 
of alpha cellulose oxidized to about 
the same, or a lesser degree, than the 
alpha pulp containing over 99 per cent. 
Unbleached sulfite containing about 70 
per cent alpha cellulose appeared to 
oxidize faster than the alpha in lower 
concentrations but at about the same 
rate at higher concentrations. Bleached 
kraft of about the same alpha cellulose 
content as the unbleached sulfite ex- 
hibited higher oxidation rates than 
any of the other pulps at all the con- 
centrations studied. From the magni- 
tude of the figures it appears that the 
oxidation rate of all types of fiber in 
5 days is relatively low under stream 
conditions. However, the question of 
the type of seed employed still enters 
the picture and projected tests in which 
the sewage seed will be replaced with 
an extract from actively decomposing 
cellulose may alter the picture. 


Conclusions 


The data presented serve to illustrate 
a problem in B.O.D. application to a 
specific type of industrial waste not 
dissimilar to a number of others and 
the methods of investigation employed 
in approaching a solution. 

It is concluded that the B.O.D. test 
is far from useless in pulp, paper and 
paperboard waste studies. The re- 





search of those referred to in this 
paper, as well as that of Lea and 
Nichols, Sawyer, Hatfield, Moore, 
Ruchhoft, Heukelekian, Hodge, Blood- 
good and others, is gradually overcom- 
ing the difficulties for a wide variety 
of wastes and continued research will, 
in time, solve most of the problems in- 
volved in the application of this im- 
portant test to most industrial wastes. 
While the B.O.D. determination may 
in time be replaced in research labora- 
tories for certain concentrated wastes 
with respirometer tests, there is little 
likelihood of its being abandoned. 
Chemical tests have been looked to 
repeatedly because of their rapidity 
and reproducibility to replace the 
B.O.D. However there is no reason to 
believe that any test can be found 
which is capable of measuring the 
quantity of respiratory oxygen utilized 
by microorganisms acting on the con- 
stituents of a waste under natural con- 
ditions, and in a given length of time, 
by determining organic matter oxidi- 
zable under specific chemical and 
physical conditions. Since the B.O.D. 
test can most closely simulate stream 
conditions, it will likely remain the 
best index of actual conditions. 
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PROBLEMS IN THE APPLICATION OF THE BIOCHEMICAL 
OXYGEN DEMAND TEST IN PULP AND PAPER 
WASTES—A DISCUSSION 


By Roy F. WEston 


Sanitary Engineer, Waste Control Laboratory, The Atlantic Refining Co., 
Philadelphia, Pa. 


Dr. Gehm’s paper presents thoughts 
and data of considerable interest and 
of value in furthering an understand- 
ing of the B.O.D. determination and 
its application. Time will not permit 
a discussion of both the general and 
technical aspects of the paper so the 
writer will confine his remarks to the 
general thoughts of the paper pertain- 
ing to the standing of the B.O.D. de- 
termination in industrial waste dis- 
posal cireles, the place that the B.O.D. 
determination holds in pollution abate- 
ment work, the replacement of the 
determination by chemical oxidation 
methods, and trendsNn opinions and 
investigations at the Waste Control 
Laboratory of the Atlantic Refining 
Company. 

There are a number of influential 
men within and outside the sanitary 
science profession who hold the B.O.D. 
determination in such poor regard that 


they are ready to endeavor to discredit 
it and to discard it as a measure of 
the polluting characteristics of an in- 
dustrial waste. This attitude is brought 
about by the erratic and frequently 
unreasonable results obtained using 
past and for that matter current dilu- 
tion waters and techniques. At the 
1946 conference of the Pennsylvania 
Sewage Works Association the writer 
presented a review of the characteris- 
tics of the B.O.D. determination, dis- 
cussions of the 18 or more factors that 
may influence B.O.D. results and a 
summary of considerable research work 
on the effect of the mineral and or- 
ganic contents of dilution waters on 
B.O.D. values. This review and a sum- 
mary of past and current research 
work will be published within the year 
as a monograph of the Waste Control 
Laboratory of the Atlantic Refining 
Company. Of the 18 or more variables 
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influencing B.O.D. values, the writer 
believes that all of those of major im- 
portance can be adequately controlled 
to give reproducible results that will 
be typical of those obtained in natural 
waters. 

The writer agrees with Dr. Gehm 
that there is no adequate alternate, 
at this date, for the B.O.D. determina- 
tion as a yardstick of the biochemical 
oxygen consuming characteristics of 
a waste as could be expected under 
natural conditions. The reasons for this 
belief may be found in experimental 
data and in the following theoretical 
statement of Dr. Phelps (2): ‘‘It (ae. 
B.O.D.) is not at all related to the 
complete oxygen requirements’ in 
chemical combustion but is determined 
wholly by the availability of the ma- 
terial as a bacterial food and by the 
amount of oxygen utilized by the bac- 
teria during its oxidation.’’ Current 
dilution waters and determination tech- 
niques may not produce results typical 
of natural waters but fundamentally 
the B.O.D. determination measures a 
characteristic of a waste that is of 
great importance in pollution abate- 
ment work. Research will provide the 
data essential to the proper standardi- 
zation of the method. 
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FIGURE 1.—The influence of the pres- 
ence of activated carbon on the oxidation of 
domestic sewage. 
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Dr. Gehm presented data illustrat- 
ing the influence of the presence of 
cellulose fiber on the oxidation of 
paper mill wastes. In Figures 1 and 
2 are data showing the influence of 
the presence of activated carbon on 
the B.O.D. of sewage (3). The graph 
on the right shows that the activated 
carbon adsorbed oxidizable material 
from solution and retained this ma- 
terial in such a manner that it was not 
available for biochemical oxidation in 
5 days at 20° C. The reductions in 
B.0O.D. follow Freundlich’s adsorption 
isotherm equation. Figure 1 shows that 
in this case the activated carbon made 
oxidizable material unavailable for 
biochemical oxidation for at least 20 
days. Thus food was present but not 
available for biochemical oxidation. 

In the past year, a chemical method 
for estimating the total oxygen de- 
mand of a waste using iodate was pre- 
sented by Johnson, Halverson and 
Tsuchiya (1). The writer has found 
this method to be accurate for C.P. 
chemicals, and to be highly repro- 
ducible on both C.P. chemicals and pe- 
troleum refinery wastes. The results 
of two determinations on each of 23 
different waste waters, using different 
quantities of sample, indicate that the 
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FIGURE 2.—The influence of the pres- 
ence of variable activated carbon concentra- 
tions on the oxidation of domestic sewage. 
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average deviation from the mean was 
3.1 per cent. However, 50 per cent 
of the results have a 1.8 per cent or 
smaller deviation from the mean and 
the mode of the data was at 0.9 per 
cent deviation from the mean. These 
data indicate excellent reproducibility. 

The relationship between B.O.D. as 
determined using Theriault-Nichols di- 
lution water and the chemical oxygen 
demand for various materials is shown 
in Table I. These data provided ex- 
perimental proof of the theoretical fact 
that there is no definite relationship 
between the chemical oxygen demand 
and the biochemical oxygen demand 
for all materials or for plant wastes 
of variable quality. However, wastes 
of reasonably constant composition, 
such as the waste caustic from a single 
process, may show a relatively con- 
sistent correlation. It is interesting 
to note that the ratios given are, in 
veneral, considerably lower. than the 
theoretical ratio of 5-day B.O.D.. to 
ultimate B.O.D. of 0.68 for domestic 
sewage. The ratio between B.O.D. 
and C.O.D. provides an indication as 
to the availability of oxidizable ma- 
terials for biochemical oxidation. It 
is the writer’s belief that both de- 
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terminations are essential to a com- 
plete understanding of an industrial 
waste disposal problem. 

Current research has revealed some 
interesting relationships. The results 
of three recent runs are shown in 
Table II. These data are presented 
because of their important implica- 
tions. The data indicate a potential 
high degree of reproducibility for the 
writer’s Modified U. S. Mean dilution 
water, and good reproducibility for 
the Theriault-Nichols dilution water. 
The influence of seeding material is 
most pronounced. <A change in seed- 
ing material from Schuylkill River wa- 
ter’ to soil extract * caused a 24 per 
cent increase in the B.O.D. of waste 
caustic using Theriault-Nichols dilu- 
tion water. The change in seeding 
material from soil extract to Schuyl- 
kill River water caused about a 28 
per cent decrease in 40 per cent of the 
samples (B.0O.D. of 66,700 + 1,260) 
and excellent reproducibility in 60 per 
cent of the samples (B.O.D. of 93,200 


11 ml. per liter of fresh Schuylkill River 
water. 

21 ml. per liter of filtered soil extract made 
by using 1 gm. of soil per liter. 





TABLE I.—The Relation Between Total Chemical Oxygen Demand and Biochemical 
Oxygen Demand for Various Chemicals and Wastes 














| 
a Biochemical Total Chemical | B.O.D. to Pim 
Substance inks Oxygen Demand | Oxygen Demand | Mean | b rate 28 : Vania 
| ples (p.p.m.) (p.p.m.) Sovintion) Gan 
Dextrose (0.1% solution)........| 1 563 | 1,063 0.53; — — 
Phenol (0.1% solution)..........} 1 1,475 2,380 | 0.62 | — 
Glutamic acid (0.1% solution)...} 1 567 979 0.58} - — 
Peptone (0.1% solution)........ we. 538 1,117 0.48; — — 
Yeast extract (0.1% solution)....| 1 440 943 0.47 — — 
WENN NGMOR’ sci505 20 oto 6 oe ie 3,070 14,820 0.21 - — 
Sulfite liquor..................[| 1 23,870 120,150 0.20 — — 
Petroleum refinery waste waters: 
WAR CATINUIC: cso 56.5: hvn karo | 14 | 8,180-110,600} 23,580-390,000} 0.316] 0.056 | 0.177 
Distillation condensate waters.| 18 68-7,070 214-16,260 | 0.312} 0.159 | 0.510 
Oil treating area waste waters..| 10 86-272 216-3,167 | 0.214} 0.183 | 0.855 




















Note: All B.O.D. determinations are 5-day values at 20° C., using Theriault-Nichols Dilution 


water. 


two determinations. 





The B.O.D. and C.O.D. values given for single samples are the average of not less than 
The C.O.D. is the oxygen demand from iodate (1). 
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TABLE II.—A Comparison of the Biochemical Oxygen Demand of Waste 
Caustic Using Different Dilution Waters 
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— Dilution Water Seed Material 
13 Modified U.S. Mean! | Soil Extract | 
Theriault-Nichols | Schuylkill R. | 
28 Modified U.S. Mean! | Schuylkill R. | 
Theriault-Nichols Schuylkill R. 
3° | Modified U.S. Mean' | Soil Extract 
| Theriault-Nichols | Soil Extract 
| Schuylkill River? | Soil Extract 
paces: i ae 
Note: 


| 
Number of 








| Biochemical Oxygen Demand 








Differe Number of| tbat bay ec 
Dilutions | —— | Mean Deviation | bites a va 
} | (p.p.m.) (p.p.m.) | Variation 
Ss Co 
a | 
1 20 | 93,300 2,290 | 0.025 
1 | 20 | 73,700} 2,600 | 0.035 
| | 
1 | 20 =| 82,500 | 12,780 a 
l 20 70,600 5,510 0.078 
3 | 12° | 93,200 | 3,370 | 0.036 
3 12 89,600 5,000 0.056 
3 12 85,400 8,420 0.099 


1U. 8. Mean Dilution water plus peptone and vitamins. 
2 Schuylkill River water aerated seven days and filtered. 


3 Dilutions made outside the B.O.D. bottle. 
4 Dilutions made inside the B.O.D. bottle. 


5 Two definite levels of B.O.D. occurred in this case. 
The mean deviation is given instead of the standard 


the other level was at about 67,000 p.p.m. 
deviation. 
6 Standard deviation for small samples. 


+ 3,310) using Modified U. S. Mean 
water. 

The variations due to seeding indi- 
eate that the modified U. 8. Mean wa- 
ter is probably still lacking some trace 
ingredient essential to positive repro- 
ducibility but that its composition 
is superior to that of the Theriault- 
Nichols dilution water for waste 
caustic. Current research plans may 
provide the information essential to 
bridge this gap. 

The writer agrees with Dr. Gehm 
that the B.O.D. determination can 
most closely simulate stream condi- 
tions of any known test method. Im- 
provements in dilution water compo- 
sition and seeding technics may change 


One level was at about 93,000 p.p.m. and 


the status of the determination from 
that of an over-popularized relatively 
unreliable indicator to that. of a re- 
liable reproducible analytical method. 
Until that day and possibly later both 
B.O.D. and C.O.D. data should be 
obtained on all industrial wastes to 
assure an adequate knowledge of their 
characteristics. 

The writer wishes to acknowledge 
the work of Messrs. Joseph G. Demann, 
Biologist, and Harry Turnbull, Chem- 
ist, of the Waste Control Laboratory 
staff in obtaining the data presented 
herein, and the cooperation and criti- 
cisms of Mr. W. B. Hart, in charge 
of Pollution Abatement Activities, 
The Atlantic Refining Company. 
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USE OF DIRECT METHOD OF OXYGEN UTILIZATION 
IN WASTE TREATMENT STUDIES * 


By H. HEUKELEKIAN 


Associate Research Specialist, Rutgers University, New Brunswick, N. J. 


The dilution method of determining 
B.O.D. is well established and is very 
useful in estimating the strength of 
sewage and the efficiency of treat- 
ment. It also is used successfully in 
forecasting the effect of effluents on 
the deoxygenation of the stream. It 
has, however, certain inherent limita- 
tions. These arise from the low solu- 
bility of oxygen in water and the con- 
sequent extreme dilutions necessary 
to maintain dissolved oxygen. It 
venerally accepted that in the case of 
sewage the dilution has little influence 
on the oxygen demand. Not only do 
various dilutions cheek closely with one 


is 


another, but the oxygen demand of 
sewage determined by the dilution 


method and the direct method (with- 
out dilution) is in satisfactory agree- 
ment. In other words, the deoxygena- 
tion rate of sewage is independent of 
the dilution or concentration. 

There have been indications, how- 
ever, that such is not the case with 
certain industrial: wastes. The use of 
mineralized dilution water fortified 
with nitrogen and phosphorus, the cor- 
rection of the pH value, and proper 
seeding do not always give consistent 
values with such wastes. The B.O.D. 
sometimes varies with the dilution, 
usually being greater with higher di- 
lutions, and therefore has little mean- 
ing unless the dilution used is specified. 
Even when uniform results are ob- 
tained with various dilutions there is 
no assurance that toxic materials may 
not be present. It may only indicate 
that due to the high dilutions em- 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University, Department of Sanitation. 
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ployed as a result of the high B.O.D., 
the toxie effects are overcome and that 
at a lower dilution the demand exerted 
may be lower. The dilution method 
cannot be used to determine the in- 
hibiting effects over a wide range of 
dilutions. Furthermore, the B.O.D. 
exerted in a treatment plant or in a 
stream may be entirely different un- 
less the degree of dilution happens to 
correspond to the dilution used in the 
3.0.D. determination. 

Industrial wastes are extremely vari- 
able in their chemical composition, in 
the concentrations of the various in- 
eredients, and in their effect on de- 
oxygenation. <A tentative classifica- 
tion would include the following cate- 
gories in respect to their effect on the 
deoxygenation rates: 

1. Wastes with no B.O.D.: 

(a) No toxie property at any con- 
centrations. 

(b) Toxie effect at high, no effect . 
at medium, and a possible stimulating 
effect at low concentrations. 

2. Wastes with B.O.D.: 

(a) No toxie property at any con- 
centrations. 

(b) Toxie effect at high, no effect at 
medium, and a_ possible stimulating 
effect at low concentrations. 


In the direct method of oxygen 
utilization, the quantity of oxygen 


does not become a limiting factor, and 
high concentrations of even the strong- 
est waste can be used in the determina- 
tion. It should, therefore, be possible 
to study over a wide range of concen- 
trations the effect of any industrial 
waste and determine whether the waste 
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in general or any specific ingredient 
of it falls in one or the other of the 
above categories. The information 
obtained by this means should be valu- 
able in forecasting whether a doubt- 
ful waste is amenable to biological 
treatment, and to what degree it has 
to be diluted before it can be made 
amenable to treatment. 

It is the purpose of this paper to 
illustrate some of these uses of the 
direct oxygen method in the study of 
industrial wastes, Not all the possible 
ramifications can, of course, be dis- 
eussed in this paper. A detailed study 
of a single industrial waste is not at- 
tempted, but rather a rapid survey is 
given of a number of wastes to indicate 
the possibilities. 


Method 


There are two procedures available 
in studying the deoxygenation effects 
of industrial wastes. (1) In some eases 
the waste in question or a specific in- 
eredient of it is best studied by adding 
it to a substrate. The substrates can 
be sewage, activated sludge, or humus 
sludge. The selection of the specific 
substrate will depend on whether the 
effect to be studied is one of general 
application or whether the effect on a 
specific type of treatment is desired. 
The substrate which is selected will 
furnish the nutrients, the organisms, 
and the necessary dilution. (2) In 
some other cases it may be more de- 
sirable to use the waste itself as a 
substrate after seeding it with sewage, 
soil, adapted seed, or activated sludge. 
In either case a proper adjustment of 
the pH value to the zone of optimum 
biological activity is necessary, for be- 
yond this zone the controlling factor 
will be that of the obvious pH effect. 
In certain cases where the nutrient 
balanee of the waste is improper, it 
may be necessary to supplement the 
substrate with nitrogen and_ phos- 
phorus. This is true especially when 
the waste itself is used as a substrate, 
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and sometimes even when sewage is 
used as a substrate, depending on the 
dilution of the waste and its nutrient 
deficiency. 

The observation period should be 
long enough to allow for possible ini- 
tial lag or retardation, ineluding a 
peak rate of oxygen utilization, which 
is usually followed by a decreasing 
rate. 

If it is desired to study the effect of 
adaption of the seed material to the 
waste, a part of the material after 
treatment may be used as seed for the 
treatment of repeated doses of the 
waste, the oxygen utilization rate be- 
ine determined each time. 

Results 
Ferric Chloride 

The effect of a limited range of con- 
centrations of ferric chloride on the 
oxygen utilization of sewage was de- 
termined. The primary purpose was 
to determine whether ferric chloride 
dosages used in the coagulation of 
sewage and in the Guggenheim process 
have a stimulating or a retarding ef- 
fect on the oxygen utilization rate. 
In order to eliminate the effect of 
ferric chloride on the pH value, the 
alkalinity of the sewage was increased 
by the addition of sodium bicarbonate 
in sufficient quantity to poise the pH 
value at or about 7.0. 

The results are given in Table I. 
It is difficult to find any indication of 
stimulation, except with the addition 
of 10 p.p.m. of ferric chloride during 
the first day, which gave an oxygen 
utilization higher than the control. 
Since, however, all the other values 
obtained with the various conecentra- 
tions of ferric chloride are lower than 
the control, this single value can be 
dismissed. Actually the oxygen utili- 
zation is lowered by the addition of 
ferric chloride. 

Similar observations were made 
earlier in sludge digestion, where gas 
production is lowered by ferric chlo- 
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TABLE I.—Effect of Ferric Chloride on the Oxygen Utilization Rate of Sewage. 
(Cumulative oxygen utilized in mg. per liter) 




















| | | l 

1 | 3 | 4 | | 7 
Ferric chloride (p.p.m.) | 0 | 5 10: | -25 50 100 | 200 
Days | 
] | 200° | 208 | 267-{ 162 | 23h 14.8 15.9 
2 | 625 | 656.5 | 57.3 51.5 | 48.6 | 44.2 38.3 
3 | 124.1 | 101.8 | 106.7 | 1081 | 1105 | 105.2 99.6 
4 200.0 | 171.6 | 1787 | 179.4 | 183.1 | 168.3 | 174.1 
6 215.0 | 187.6 | 199.3 | 189.7 | 193.3 | 184.1 | 184.5 
8 300.9 261.5 | 269.5 | 275.7 | 269.5 | 257.5 256.4 
pH initial ae a Oe ae 7.1 
pH final 7.3 | (a | 7.1 | (ea Ors 7.1 7.2 
ride. A stabilization of organic matter with 1,000 p.p.m. phenol. It is also 





with consequent inability of micro-or- 
vanisms to utilize it seems to be brought 
about by ferric chloride. 


Phenol 


The effect of phenol on bacteria has 
been studied extensively and methods 
of treating phenolic wastes have been 
developed. A study was therefore made 
on the effect of phenol on the oxygen 
utilization of sewage. 

The results given in Table II indi- 
cate that all traces of phenol added in 
concentrations of 500 p.p.m. or less 
had disappeared in 10 days. The phe- 
nols were determined by Baylis’ modi- 
fication of Gibbs’ method, which is 
sensitive in parts per billion. When 
1,000 p.p.m. of phenol was added there 
was a residual of 285 p.p.m. after 15 
days. The oxidation of phenol re- 
sulted in the lowering of the pH value, 
the magnitude of the depression in- 
creasine with higher concentrations. 
A minimum pH of 5.6 was attained 


of interest to note that the ammonia 
nitrogen content of the sewage was 
lowered, but except with the addition 
of 1,000 p.p.m. phenol it was not low 
enough to become a limiting factor. 
The depression in the ammonia nitro- 
ven level in this was from 17 
p.p.m. to 1 p.p.m. 

The amount of oxygen utilized daily 
is given in Figure 1. The effect of the 
addition of 25 p.p.m. phenol was to 
inerease the level of oxygen utiliza- 
tion during the first day. The oxygen 
utilization with 50 p.p.m. phenol was 
lower than with 25 p.p.m. during the 
first day, but higher than the control. 
The amounts of oxygen utilized on the 
2nd, 3rd, 4th, 5th days were, however, 
higher than with the 25 p.p.m. addi- 
tion. With 100 p.p.m. the peak of 
utilization occurred on the 2nd day 
instead of the first, and the level was 
higher than with the preceding con- 
centrations. With 250 p.p.m. the peak 
was reached on the 3rd day. With 500 


case 


TABLE II.—Destruction of Phenol and Changes in pH Value and NH;-N by Adiitioa of 


Various Concentrations of Phenol to Sewage 


























1 2 . 1 # os | 6 7 
Phenol added (p.p.m.)...... 0 25 50 | 100 250 | 500 1,000 
Phenol remaining (p.p.m.). . 0 0 0 e} teub-s 285 
(Le B12 Ree eee 7.5 7.5 7.5 eos | 7.5 9.5 7.5 
En) oe aie aera eae 6.7 6.3 6.3 6.1 6.0 oe 5.6 
NH;-N at end (p.p.m.)..... 17.0 17.0 16.0 12.0 13.0 13.0 | 1.2 
| 





1 Incubation period 15 days; all others 10 days. 
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FIGURE 1.-—-Effect of phenol on oxygen utilization rate of sewage. 





p.p.m. the peak occurred on the dth 
day with lower rate of utilization. It 
is of interest to note the break in the 
curve on the 3rd day, which indicated 
possibly a shift in the flora and the 
establishment of phenol-tolerant or- 
ganisms. <A break in the curve oc- 
curred also with 1,000 p.p.m. phenol 
on the 4th day. Thereafter, the 
amounts utilized increased gradually. 
There was no well-defined peak, nor 
had the amount decreased at the end 
of 15 days, bearing out the fact that 
phenol was not completely consumed. 

It appears from these results that 
phenol up to 50 p.p.m. has no retard- 
ing influence on the oxygen utilization 
and that the oxidation time is not af- 
fected. One hundred p.p.m. phenol 
increases somewhat the oxidation time 
but has no effect on the amount of 
oxygen utilized. When the concentra- 
tion is increased further, retarding ef- 
fects are noticed, as evidenced by lower 
amounts utilized and increasing time 


required for oxidation. It is also ap- 
parent that even 1,000 p.p.m. phenol 
can be oxidized provided a sufficiently 
long time is allowed. 


Chloroform 


In contrast with phenol, it is of 
interest to compare the limiting con- 
centration of chloroform. This ma- 
terial is sometimes present in wastes 
such as penicillin spent broth, and it 
is necessary, therefore, to know the con- 
centration of chloroform that can be 
tolerated before a successful biological 
treatment process for this waste can 
be developed. 

The results of an experiment in 
which various amounts of chloroform 
were added to sewage are given in 
Table III. One c.c. per liter of chloro- 
form retarded the oxygen utilization 
the first day, but thereafter the 
amounts were higher than in the con- 
trol. The total amount of oxygen 
utilized during 7 days is higher with 
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TABLE III.—Effect of Chloroform on the De- 
oxygenation Rate of Sewage (Oxygen 
utilized in mg. per liter) 











Chloroform added 
(e.c. per liter) 0 1.0 2.5 
Days 
1 78.1 36.0 0 
2 24.1 49.5 0 
3 31.4 31.1 0 
4 16.8 22.6 0 
5 21.9 33.9 0 
6 4.4 33.3 0 
‘4 6.5 16.9 0 
Total 183.2 223.3 0 














1 ¢c.e. per liter of chloroform than in 
the sewage alone, indicating that even 
a substance like chloroform can_ be 
oxidized in low concentrations. At 
2.5 ee. per liter concentration, how- 
ever, oxygen utilization stopped com- 
pletely, indicating that not only was 
the chloroform not oxidized but also 
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Amyl Acetate 


Amy] acetate is also used in penicillin 
production, for extraction of the peni- 
cillin. The amyl acetate may be dis- 
tilled and recovered, but some manu- 
facturers have not as yet installed 
the necessary equipment for recovery. 
It is, therefore, of interest to know 
what the effect of amyl acetate would 
be on oxidation processes. 

The results of an experiment in 
which various amounts of amyl ace- 
tate were added to sewage are given 
in Figure 2, which represents the cu- 
mulative oxygen utilization. The ad- 
dition of 1.0 «ec. per liter of amyl 
acetate did not result in any inhibition 


even during the first day. Thereafter, 
the oxygen utilization was much 


higher than in the control. After the 
9th day the amount utilized dropped 
and the curve flattened out. Inhibi- 
tion on the first day is observed with 
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FIGURE 2.—Effect of amyl acetate on oxygen utilization rate of sewage. 
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Thereafter the amount utilized in- 
ereased and exceeded the oxygen 
utilization by the sewage alone, and 
continued in a straight line up to the 
14th day. It is apparent that the 
oxidation at this concentration was 
not complete at the end of the ex- 
periment. With 5.0 ¢.c. per liter con- 
centration, oxygen utilization was be- 
low that of the control during the 
first six days, and was slightly above 
it up to the 9th day. The utilization 
thereafter increased, but the total 
amount used was less than that with 
either 1.0 or 2.0 @.c. per liter. It is 
apparent that a definite inhibition oc- 
eurred up to 9 days and that oxida- 
tion was not complete at the end of 
the experiment. With 10.0 ¢.c. per 
liter, the oxygen utilization was virtu- 
ally the same as the control through- 
out the experiment. 

It can be coneluded that 1.0 ¢.c. per 
liter of amyl acetate has no inhibitory 
effect on oxygen utilization. The pres- 
ence of such an amount of amyl ace- 
tate should be considered as an ad- 
ditional load which will require a 
longer period of treatment or larger 
capacity. There is an initial retarda- 
tion with 2.0 ¢.c. per liter; the recovery 
and oxidation thereafter are rapid but 
not complete in 14 days. Again this 
might be considered an _ additional 
load. With 5.0 and 10.0 ¢.c. per liter 
there is definite inhibition. 
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Vitamin Production Wastes 


As in illustration of the use of the 
direct method of oxygen utilization 
with wastes of which the dexoygena- 
tion characteristics are unknown, a 
study of wastes obtained from vitamin 
3, production may be cited. Two dif- 
ferent samples of waste from the pro- 
duction. of vitamin Bg were obtained. 
Sample 1 contained methoxyacetylace- 
tone, sodium acetate, and minor 
amounts of other soluble organic ma- 
terials. - Sample 2 contained methy!- 
monochloracetate, methanol, chlora- 
cetic seed, sulfuric acid. These two 
wastes were neutralized and seeded 
with sewage. Concentrations of waste 
varying from 20 to 1 per cent were 
prepared by dilution with water and 
oxygen utilization rates were deter- 
mined. The B.O.D. was also determined 
by the regular dilution method. The 
results are summarized in Table IV. 

In Sample 1 the oxygen utilized in- 
creased with decreasing concentrations 
of waste. On the basis of the original 
waste, the oxygen utilized increased 
from 160 p.p.m. at 20 per cent con- 
centrations, to 23,730 p.p.m. at 1 per 
cent coneentrations. The B.O.D. de- 
termined by the dilution method with 
coneentrations ranging from 0.008 to 
0.0025 per cent was 221,000 p.p.m. 
Somewhere between 1 per cent and 
0.0025 per cent the retarding influence 
of the waste on the deoxygenation rate 


TABLE IV. — Utilization alls Various Concentrations of Vitamin B; Wastes 











Sample No. 1 


Sample No. 2 





Waste Concentration (%) . 20 | 10 


1|/ 20 | 10 5 











oy 1 
aes 70 | 7.0 7.2 7.6| 72 | 7.2 72 | 7.1 
oS 6.6 | 68 - 69| 55 | 5.2 5.3 oe 
Oxygen utilized in 5 days | 
OS > | 32 14.7 148.2 | 237.3] 7.4 11.4 10.5 rer 
Oxygen utilized in 5 days | 
on the basis of the orig- | | 
inal (mg. /liter).. ..| 160 | 147 | 2,964 | 23,730 37 114 310 770 
5-Day B.O.D. by dilution 
method (p.p.m.)........| — | 221,000'| — | —- | — 104,000?7} — ~~ 








1 Dilutions ranging from 0.0008 to 0.0025 per cent. 
? Dilutions ranging from 0.0016 to 0.0033 per cent. 








was removed. The results indicate 
that concentration of the waste must 
be reduced below 1 per cent before 
biological treatment can be efficient. 

With Sample 2 the oxygen utilized 
did not increase with decreasing con- 
centrations of the waste down to 1 per 
cent. The oxygen utilized in 5 days 
by the 1 per cent waste was 770 p.p.m. 
by the direet method, whereas by the 
dilution method, with concentrations 
of 0.0016 to 0.0033 per cent of the 
waste, a 5-day B.O.D. of 104,000 p.p.m. 
was obtained. It is apparent that the 
inhibiting influence of this waste is 
ereater than that of Sample 1, and 
therefore dilution must be even greater 
to yield reasonable results with bio- 
logical treatment. 

In view of the test and the informa- 
tion obtained, it is obvious that unless 
such dilution is readily obtainable, 
either by other manufacturing proce- 


ess wastes or by sewage, biological 
treatment should not be considered. 


A further study by this method may 
reveal a specific agent in these wastes 
which is responsible for the inhibition, 
which when excluded or segregated 
inay allow the biological treatment of 
the remainder of the waste to proceed 
unhindered. 


Discussion 


The use and limitations of the dilu- 
tion method of determining the effect 
of industria] wastes on dexoygenation 
have been discussed elsewhere (1). 
Briefly, the limitations arise from the 
restricted range of concentrations 
which can be emploved. When the 
wastes or individual organic com- 
pounds are added in concentrations 
in exeess of the solubility of oxygen 
the results become indeterminate. 

As has been shown in the paper 
referred to above the concentrations 
of organie matter that can be used are 
extremely small. No information can 
be obtained regarding the effect of 
higher concentrations. The fact that 
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a certain waste or organic compound 
gives a uniform B.O.D. within the low 
range of concentrations that can be 
employed, gives no guarantee that in- 
hibiting materials may not exert their 
influence at some higher concentration, 
give lower B.O.D. values and manifest 
a sliding seale. 

For routine work for determining 
the maximum B.O.D. values the dilu- 
tion method may give comparable re- 
sults. It is not the purpose of this 
paper to discredit the dilution method 
but rather to show its limitations for 
special investigations in determining 
whether a particular waste is amen- 
able to biological treatment and to what 
extent it may have to be diluted in 
order to overcome the possible inhibit- 
ing action of some specific ingredient 
in the waste. 

For this purpose the use of the direct 
method seems to be the ideal answer. 
Due to unlimited supply of oxygen 
furnished as gas and the agitation to 
inerease the rate of solution of oxygen, 
no matter how concentrated the waste 
may be or how high an oxygen demand 
it may have the demand ean be de- 
termined without dilution. By 
cessive steps of dilution it ean be read- 
ily determined whether the oxygen de- 
mand decreased in the same ratio as 
the dilution. In such an eventuality 
it may be concluded that the oxygen 
demand is independent of dilution and 
hence there are no inhibiting agents 
in the undiluted waste. 

It often happens, however, that the 
oxygen demand decreases less than 
would be expected from the particular 
dilution. In other words, the oxygen 
demand is relatively higher in the di- 
luted sample than in the original 
waste. It may be concluded in such 
cases that there was an _ inhibiting 
agent in the waste which at some 
point of concentration was sufficiently 
diluted, and thereby permitted the 
oxygen demand to be fully exerted. 

The dilution at which this inhibit- 


suc- 
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ing action will be counteracted will de- 
pend on the concentration and potency 
of the inhibiting agent. It may take 
place with only 50 per cent dilution 
or may require as much as 99 per cent 
dilution. Increasing dilutions beyond 
the critical point will then result in 
proportionate decreases in oxygen de- 
mand or constant B.O.D. values. The 
critical dilution thus determined in 
the laboratory may then be used as a 
basis for the design of the large scale 
treatment plant. It may be that such 
dilution may be obtained by using 
water from other sources in the in- 
dustrial process which do not contain 
toxic materials, or sufficient dilution 
may be available by discharging the 
waste into a municipal sewer. If no 
source of readily available dilution 
water can be obtained, or in cases 
where the dilution required is exces- 
sive, ways and means of excluding the 
particular substance from the gen- 
eral waste should be sought. 

In addition, the inhibiting concen- 
tration of any specific compound can 
be tested by the addition of various 
amounts to sewage and other suitable 
substrates. The effect of inorganic 
toxic materials on the deoxygenation 
rates can be studied in this manner. 
With organic materials the toxicity 
may be due to the high concentration 
of the compound, which upon dilution 
may be shown to be oxidizable. 
Formalin and chloroform fall in this 
category. 

There is little doubt that the list of 
such compounds, which formerly were 
considered unoxidizable or toxic, can 
be greatly enlarged. An _ organic 
waste which normally would be oxi- 
dizable may fail to oxidize because of 
the presence of certain inhibiting 
agents. It is also possible to have a 
type of organic matter which is neither 
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oxidizable nor inhibiting. All of these 
possibilities can be wuneovered by 
studying the effect of the pure sub- 
stance or the mixed waste itself. It 
would be valuable to know the various 
ingredients in a given waste. From the 
information obtained by this method, 
it is possible to ascertain the critical 
dilution necessary before biological 
treatment of a given waste. The pos- 
sible effect on sewage treatment plants 
can be evaluated if the dilution ratio 
is known. The effect on the self-puri- 
fication of streams may also be ascer- 
tained. 

The observations made in this paper 
are not concerned with the effect of 
pH value and nutrient deficiency of a 
waste, although these factors can also 
be studied by this method. 

In short, the direct oxygen method 
presents a parallel to the bottle ex- 
periments with sludge digestion and 
eas measurement, which were so valu- 
able in establishing the fundamental 
phases of sludge digestion and the in- 
fluence of various environmental fac- 
tors. 


Conclusions 


The direct oxygen method permits 
the study of oxidation rates of indus- 
trial wastes at any desired concentra- 
tion, and the information obtained is 
valuable in establishing the oxygen de- 
mand at any concentration. 

If the demand increases with dilu- 
tion, the presence of a toxic material 
is indicated, provided the pH and the 
nutritional factors are corrected. 
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FEDERAL AND STATE LEGISLATION FOR STREAM 
POLLUTION CONTROL 
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State Legislation 


The writer has tabulated the various 
agencies engaged in stream pollution 
abatement work in the different states. 
While new legislation is constantly be- 
ing enacted, and it is difficult to keep 
pace with all the latest developments, 
the most recent data from the various 
states are summarized as follows: 


Number of 


Stream Pollution Control Vested in Staten 


(a) State department of health only... 10 
(b) Agency separate from state depart- 
ment of health but closely allied to 
it, with technical service furnished 
by state department of health and a 
representative of the state depart- 
ment of health serving as a member 


Of SRPETATE ARENCY 6 2. see 6 11 
(c) State department of health and 
fojniloige: 3b il. ere ee ere iY 


(d) Water pollution control board sepa- 
rate from state department of health 
handling all water pollution control 
BO EB a por s aren 2a iss bie 4 
(6) ING BURGE BRONCO 5c soso oss o'r 's 6 


In many of the 17 states grouped 
above under (c¢), certain specific powers 
in the field of water pollution control 
are vested in the state health depart- 
ment and certain’ powers are vested 
in another agency. This is true, for 
example, in Connecticut, where the 
Department of Health has jurisdiction 
over the health aspects of sewage pol- 
lution and supervises the operation of 
municipal sewage treatment plants; 
the State Water Commission is given 
broad powers to abate pollution and 
control new sources of pollution, and 


acts almost exclusively in the field of 
industrial wastes treatment. Some of 
the specific powers granted to agencies 
other than the state health departments 
in this group are of very limited na- 
ture., 

There is frequently the cry that the 
state department of health alone can- 
not solve the stream pollution problem 
as there are numerous interests in- 
volved such as in boating and fishing 
and industrial use where other than 
health aspects exist. This is often the 
case, and the health department act- 
ing singly on health grounds alone 
may find the going difficult. On the 
other hand, benefit to the public health 
is the most important consideration in 
the eyes of the public and is a domi- 
nating factor in selling pollution abate- 
ment. Use of streams for water supply, 
for bathing and for shellfish growth, as 
well as the absence of nuisance, are 
all of highest importance from a health 
standpoint and from the public view- 
point. It must be granted that eco- 
nomic considerations are also of great 
importance, for municipalities must as- 
sume serious financial burdens in 
many instances in order to provide 
sewage treatment. Treatment of some 
industrial wastes is a serious problem 
because of the cost, and research still 
has to show the way to practical meth- 
ods of treatment of certain wastes. 

In the long run, there is much to 
be said for the establishment of state 
boards on which state health depart- 
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ments, industry, agencies acting for 
fisheries or conservation, and possibly 
other groups or interests, may be rep- 
resented, with technical service being 
furnished by the state health depart- 
ments which must maintain a staff of 
sanitary engineers to deal with prob- 
lems of water supply and other sani- 
tary engineering functions. Separate 
technical organizations are likely to be 
more expensive and there may be some 
duplication. 

It is encouraging to see the progress 
that the states are making in setting 
up legislation. One of the relatively 
new pieces of state legislation is that 
enacted in Tennessee, where a commis- 
sion organized along the lines men- 
tioned above has just been established. 
New York State is now working offi- 
cially on a study of pollution control 
legislation, which will bring forth rec- 
ommendations that will be considered 
by the state legislature. A _prelimi- 
nary report by the study group which 
discusses the problems at issue has 
recently been published. 

Interstate Compact Legislation 

There is an increasing interest to- 
day in interstate negotiations leading 
to interstate informal agreements or 
formal compacts to control the pollu- 
tion of waters which are common to two 
or more states. In the Great Lakes 
Drainage Basin and the Upper Missis- 
sippi River Basin sanitation agree- 
ments have been reached to work out 
solutions of problems of pollution con- 
trol of interstate waters. In the East, 
there are several examples of the ap- 
proach through interstate agreements 
or compacts. 

Incodel, an agency interested in wa- 
ter conservation and water pollution 
problems in the Delaware River Basin, 
has been established by the states of 
Delaware, New Jersey, New York and 
Pennsylvania. It does not operate un- 
der a formal compact but rather by 
the passage of reciprocal legislation in 
each of the states whereby common 
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objectives are set up and promoted. 
The agency acts as an educational, ad- 
visory and promotional body, and has 
accomplished a great deal through co- 
operation of the states and its own 
activities. Certain standards relating 
to water quality and acceptable de- 
grees of sewage treatment according to 
water use have been agreed upon by 
the subscribing states, and a echrono- 
logical schedule for the installation of 
sewage treatment has been set up by 
the chief engineers of the four state 
agencies and approved by Incodel and 
by the state departments of health. The 
agency issues no orders and enforces 
no laws. It is an excellent example 
of successful interstate cooperation 
without use of the ‘‘big stick.’’ 

The Interstate Sanitation Commis- 
sion established by New York, New 
Jersey and Connecticut has jurisdic- 
tion over certain shore areas, mainly 
adjacent to or near New York City 
and heavily populated areas in near- 
by New Jersey, and along the Hudson 
River and Long Island Sound. Its 
district embraces only a small portion 
of all of the waters of the three states. 
Provision is made for the classification 
of waters into two classes, according 
to use. The compact specifies that 
after classification is made by the com- 
mission, certain fixed degrees of treat- 
ment of sewage must be provided, the 
treatment to be accomplished being 
definitely set forth in the compact. 
The compact has been favorably sub- 
scribed to by all the three states and 
approved by Congress; it has the force 
of law and steps are taken to enforce 
it. 

In New England, the state sanitary 
engineers have been active in promot- 
ing a somewhat different type of com- 
pact and the state health officers and 
directors of state water pollution 
boards have endorsed the project. The 
idea for this compact rests on the fact 
that New England is a region of the 
country with many similar character- 
istics, natural resources and interests, 
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and with numerous streams flowing 
across state borders. It is believed 
that the general approach to stream 
pollution abatement in the six states 
can proceed on parallel lines to quite 
an extent. It is true that some of the 
states are more adversely affected by 
out-of-state pollution than others. It 
is the consensus of opinion of the state 
sanitary engineers of New England, 
however, as expressed at several of the 
meetings of the Conference of New 
England State Sanitary Engineers, 
that the states should band together 
to solve their pollution problems. An 
important factor in arriving at this 
decision is that an approach on a re- 
vional basis directed by the cooperat- 
ing states is believed far preferable to 
Federal control, even though a recep- 
tive attitude is maintained toward Fed- 
eral advice or stimulation in connec- 
tion with a national stream pollution 
abatement program. It is believed 
that the states are in much more inti- 
mate contact with the water use po- 
tentialities and the economic aspects 
of their region than the Federal gov- 
ernment. 

The legislatures and governors of the 
states of Rhode Island, Massachusetts 
and Connecticut have already ap- 
proved the compact which has been 
drafted. This action will insure the 
formation of 2 compact commission 
so as to get the work under way. Ap- 
proval by Congress is being sought. 
While there appears no likelihood that 
the three northern New England states 
will approve the compact this ‘vear, it 
is hoped that they will later decide 
in favor of joining. 

The compact has some interesting 
features which may be listed briefly: 


1. The compact applies to interstate 
streams, ponds and lakes, and tribu- 
taries and tidal waters ebbing and 
flowing past the boundaries of two 
states. 

2. The New England Interstate Wa- 
ter Pollution Control Commission is 
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set up with five commissioners from 
each state. Membership must include 
representatives of the state health de- 
partment and of any other state water 
pollution control agency that may ex- 
ist in the state. Further, it is pro- 
vided that unless a state so determines 
otherwise, there shall also be from 
each state a member representing mu- 
nicipal interests, a member represent- ° 
ing industrial interests and a member 
representing an agency acting for fish- 
eries or conservation. 

3. There is provision for appoint- 
ment of a secretary and clerical staff, 
but there is no provision for setting up 
an engineering staff in the commis- 
sion. Technical experts from each of 
the states are authorized to confer. 

4, The commission is directed to es- 
tablish reasonable physical, chemical 
and bacteriological standards of wa- 
ter quality satisfactory for various 
classifications of use of receiving wa- 
ters. Each state agrees to submit its 
classification of its own waters to the 
commission for approval. 

5. Each state pledges to provide for 
abatement of existing pollution and 
control of future pollution of inter- 
state waters and to put and maintain 
the waters in a satisfactory condition 
consistent with the highest classified 
use of each body of water. 

6. Action by the commission must 
be approved by a majority of the com- 
missioners of each state, as in the 
ease of the Interstate Sanitation Com- 
mission. 

7. Specified maximum appropria- 
tions by each state for operation of 
the commission are set up, pro-rated 
mainly on the basis of populations of 
the various states. 

8. The commission has no power to 
issue orders. 

9. The compact becomes effective 
when approved by any two econtigu- 
ous states. 

10. Provision is made for New York 
State to join the compact if the state 
so desires, but the area of the Inter- 
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state Sanitation District is excluded. 
New York State has. joint interest 
with the state of Vermont in certain 
waters, and to a much less extent with 
the states of Massachusetts and Con- 
necticut. 


It is believed that this compact and 
the establishment of a compact com- 
mission will be a strong motivating 
force to bring about the clearing up of 
the interstate streams in New England 
to the degree warranted by their pres- 
ent and future proposed use. 


Federal Legislation 


As far back as 1936, the United 
States Congress has debated the merits 
of a considerable number of pollution 
abatement bills. In 1938, a Federal 
bill was passed by Congress and _ ve- 
toed by the President. In 1940, prin- 
cipal attention was concentrated on 
H.R. 4070 which received the backing 
of many organizations including many 
state health departments, and H.R. 
6024 which was supported by certain 
groups interested in drastic legislation. 
Among objections raised to H.R. 6024 
were: (1) it provided for classification 
of navigable waters into sanitary wa- 
ter districts, limits to be fixed by the 
Surgeon General; (2) it gave the Fed- 
eral government rather than the states 
the right to decide on the necessary 
degree of cleanliness for navigable wa- 
ters and minimum requirements as 
to treatment; (3) it provided for im- 
mediate drastic action to clean up all 
sources of pollution whether because 
of effect on health or on fish or bird- 
life, which is impracticable and un- 
warranted; and (4) it set up a water 
pollution control advisory board of 
which all of the members were repre- 
sentatives of the Federal government. 

It was thought by many, including 
such organizations as the New Eng- 
land Sewage Works Association and 
the New England Water Works As- 
sociation, that it would be preferable 
in the present session of Congress to 
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endeavor to get behind some reason- 
able Federal legislation rather than 
wait to have varied proposed legisla- 
tion thrust forward. Both associations 
passed resolutions to this effect at their 
1946 meetings. Following the meeting 
of the Conference of State Sanitary 
Engineers in Cleveland in the fall of 
1946, a meeting was arranged in New 
York City on November 22, 1946, by 
Arthur D. Weston, chairman of the 
Committee on National Water Policy 
of the Conference of State Sanitary 
Engineers, and representatives of vari- 
ous groups and organizations were in- 
vited to attend. The writer attended 
the group meeting of 11 persons in 
New York City as a representative of 
the New England Sewage Works As- 
sociation and the New England Water 
Works Association. Hudson Biery, 
chairman of the Committee on Stream 
Sanitation of the Cincinnati Chamber 
of Commerce, and a previous strong 
supporter of H.R. 4070, and Kenneth 
A. Reid, Executive Director of the 
Izaak Walton League of America, who 
had previously supported H.R. 6024, 
were present. As a result of this 
meeting, general agreement seemed to 
be reached on a bill very similar to 
H.R. 4070 but ineluding a new pro- 
vision to the effect that the Surgeon 
General may take legal action if all 
efforts to secure state or interstate ac- 
tion fail. The bill agreed upon was 
subsequently introduced in the pres- 
ent (Hightieth) Congress as S. 418 
(Senators Barkley and Taft); H.R. 
315 (Congressman Spence) ; and H.R. 
470 (Congressman Elston). 

S. 418 (and the companion bills) 
designates the Surgeon General in 


charge of water pollution control ; pro- , 


vides for cooperative state and Fed- 
eral action and approves interstate 
compacts; provides for grants-in-aid 
or loans to states, municipalities and 
other public bodies; provides for loans 
to industry ; sets up an advisory board 
with broad representation of inter- 
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ests; sets a maximum appropriation 
for grants or loans of $100,000,000, 
such grants-in-aid not to exceed 334% 
per cent of the cost; and authorizes an 
annual expenditure of $1,500,000 by 
states or interstate agencies which may 
be used in part to defray cost of stud- 
ies, research and engineering reports. 
Section 2(d) states that when the Sur- 
geon General finds that pollution of 
interstate waters jeopardizes the health 
or welfare of citizens of the United 
States, he shall bring the matter to 
the attention of the appropriate state 
health authority or interstate agency 
and may recommend or specify that re- 
medial action be taken. Such recom- 
mended remedial measures must be rea- 
sonable and equitable. If such action is 
not taken within a specified time, the 
Surgeon General may recommend to the 
state or interstate agency that legal 
action be taken. If legal action is not 
taken within a reasonable time, not to 
exceed two years, the Surgeon Gen- 
eral may initiate legal action in the 
United States courts. (The italicized 
words in this paragraph constitute ad- 
ditions to the provisions of H.R. 
4070.) 

Subsequently H.R. 123 was intro- 
duced by Congressman Mundt. This 
bill is similar to S. 418 and its com- 
panion bills except in two respects. 
The first difference is that a provision 
is added that after enactment of the 
act, no new sources of pollution shall 
be permitted without approval of the 
state health authority and the Surgeon 
General. While the purpose of this 
provision is laudable, the definition of 
what is a ‘‘new source of pollution’’ 
is uncertain and it appears that this 
provision may be opposed by industry 
on the ground that unreasonable in- 
terpretation might be made. Would 
new connections to an existing sewer 
or a change in an industrial process 
constitute a ‘‘new source of pollution’’? 
At recent Congressional hearings on 
S. 418, when amendments were offered 
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to make it similar to H.R. 123, it is 
understood that the proponents of the 
changes suggested that the prohibition 
apply to ‘‘new sewer outlets,’’ which 
is somewhat more definite but. still 
open to some question. 

Another difference between S. 418 
(and companion bills) and H.R. 123 
is that an additional section in H.R. 
123 provides that if the water pollu- 
tion advisory board finds it is impos- 
sible or impracticable for a municipal- 
ity or industry to provide adequate 
treatment because of financial inabil- 
ity, the Surgeon General shall not 
bring a court action within such pe- 
riod of time as may be determined by 
the board to be necessary, such period 
not, however, to exceed five years; ex- 
tensions of time may be granted if 
the board is satisfied that reasonable 
progress is being made. There is 
some argument in favor of this see- 
ond difference and the additional pro- 
vision in H.R. 123 may be desirable. 

At least, these two bills represent 
a nearer approach to agreement among 
interested groups than has ever been 
the case previously. 

Some individuals and organizations 
have definitely opposed the principle 
of Federal financial aid for pollution 
abatement except as part of a general 
public works program. Arguments 
have been heard that municipalities 
and the states are in as good or better 
position than the Federal government 
to finance needed work. On the other 
hand, Federal aid is being dispensed 
in many other fields, debatable as may 
be the advisability of some of these 
expenditures, too. The writer does not 
believe that Federal financial aid in 
the form of grants-in-aid or loans is a 
‘‘must.’? Some opposition is also 
voiced to the provision in the new pol- 
lution control bills that, failing state 
or interstate action after a reasonable 
time, the Surgeon General may insti- 
tute legal action. However, if the Fed- 
eral government is to be made a party 
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to a national program of pollution 
control through Federal legislation, it 
appears to the writer difficult to justify 
its exclusion from any manner of en- 
forcement whatsoever. Present Con- 
eressional bills lay a great deal of 
stress on machinery for state and inter- 
state action rather than Federal legal 
action. 

Two other bills introduced in the 
Eightieth Session of Congress are of 
interest. These bills are identical bills, 
S. 244 and H.R. 1047. The bills are 
introduced in the interest of encourag- 
ing the prevention of stream pollution 
by industrial wastes through allowing 
sums paid for treatment of industrial 
wastes, including amounts paid for 
plans for construction and treatment, 
to be deducted by industry in comput- 
ing net income for taxation purposes. 


Summary 


The pollution problem has un- 
questionably grown beyond _ state 
borders. Discharge of sewage and 
industrial wastes in one state may 
and frequently does affect the water 
use in a neighboring state. This fact 
alone, however, does not make Federal 
pollution control necessary. Without 
additional legislation, legal action in 
the Federal courts may now be under- 
taken where real damage occurs, even 
though this is not the most desirable 
solution of interstate pollution prob- 
lems. As shown by progress already 
made, states can join together through 
interstate compact agreements on a 
unified water pollution control pro- 
eram. Surely this approach by inter- 
ested neighboring states which are so 
intimately concerned with regional wa- 
ter use problems, especially the po- 
tential water uses that should be 
planned for on each watershed, is 
preferable to granting broad manda- 
tory powers to the Federal government. 
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Perhaps the principal service the 
Federal government could render 
would be to promote, coordinate, and 
even carry out research in the field of 
sewage and industrial waste treatment, 
particularly the latter. The develop- 
ment of practical treatment methods 
for many industrial wastes is a hurdle 
yet to be overcome. Some state agen- 
cies have done splendid research work 
but the results are not well coordinated 
and one state is frequently unaware of 
research in another state or of studies 
by private industrial groups. 

The slowness of action on the part 
of some states to accept their responsi- 
bilities in the field of water pollution 
control will hasten the day of Federal 
legislation. Such legislation, if en- 
acted, should be restricted to inter- 
state streams, should foster the forma- 
tion of interstate compacts and should 
limit the issuance of Federal orders 
for abatement of pollution of inter- 
state streams to extreme cases where 
states will not assume their responsi- 
bilities. With awakening action by all 
those states which to date have failed 
to undertake any pollution control pro- 
grams, and with increasing adoption 
of the interstate compact approach, the 
Federal government would then need 
to act only as a coordinating agent and 
as a sponsor of research to work out 
practical ways and means of treating 
all types of wastes before discharge 
into streams, to the degree ealled for 
by the present and probable future 
use of streams, with due regard to the 
benefits and the costs. 

Existing concentrations of municipal 
sewage pollution and industrial wastes 
pollution have grown to their present 
proportions over a span of many years. 
Industries and heavily populated com- 
munities are a part of modern civiliza- 


-tion. We eannot hope to restore all 


streams to their state of pristine pur- 
ity as some enthusiasts have advocated, 
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certainly in the light of all known 
scientific advances, unless, as one 
worker in the field recently put. it, 
we wish to “‘turn the country back to 
the Indians.’’ Yet, reckless and un- 
warranted pollution of water re- 
sources must be controlled, and waters 


STREAM POLLUTION CONTROL LEGISLATION 


889 


must be improved to the extent justi- 
fied by their present and planned fu- 
ture uses, whether for water supply, 
for bathing, for commercial or reere- 
ational fishing, for boating, for in- 
dustrial purposes, for irrigation, or for 
navigation. 
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THE OPERATOR’S CORNER 


ConpbucTED BY S. C. MarTIN 








INTRODUCING MR. MARTIN 


Operators, it is a pleasure to make 
you acquainted with Sylvan C. 
(Sandy) Martin, who henceforth will 
assemble the material presented in The 
Operator’s Corner. This introduction 
is quite unnecessary to Illinois opera- 
tors, to whom Martin is both well- 
known and held in high regard; it is 
more of a general notice that you will 
all be hearing from him in the future 
and that his first responsibility is to 
make the Corner as practical and use- 
ful as possible. 

Although a number of our readers 
have been kind enough to comment 
favorably on the present content and 
style of this department of the Jour- 
NAL, the writer has felt that there is 
ereat room for improvement. He has 
been particularly conscious of this 
feeling during the past two or three 
years, when administrative and man- 
agement functions have imposed on the 
time required to do full justice to the 
Corner. 

During his seven years of service in 
the sanitary engineering staff of the 
Illinois Department of Public Health, 
Martin has enjoyed close field contact 
with sewage works operation, and has 
a thorough understanding of the prob- 
lems of the operator. He has been 
active in the conduct of operators’ 
meetings and short courses, and in the 
administration of the Illinois volun- 
tary certification plan for operators. 
A fine background of training and re- 
search in sanitary engineering further 
qualifies him for this assignment. 

But assistance is needed—your as- 
sistance. The best material for use 
in the Corner is that which originates 
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with plant operators, whose obligation 
it is to see that Martin is kept supplied 
with plenty of good copy. Short or 
long articles, annual operation reports, 
local newspaper clippings, or just let- 
ters describing some problem, gadget 
or operation kink are welcomed as 
source material. These contributions 
need not be masterpieces of literary 
composition, for we will be glad to 
undertake such refinement as may be 
required. 

Every operator has at one time or 
another circumvented minor or major 
difficulties by some original device or 
procedure. These things are usually 
taken for granted, on the modest as- 
sumption that the solution was so 
simple that anyone would have thought 
of it. Also, many unusual incidents 
occur to plant operators, most of 
which remain untold unless they are 
brought to light in those story-telling 
sessions that are such a feature of 
sewage works meetings. You will 
benefit from the experience of other 
operators. Reciprocate by making 
your experience available in return, 
through the medium of the Corner. 

With your help, which we are sure 
will be forthcoming, the Corner has 
good times ahead. <As_ ‘‘ Associate 
Editors,’’ all operators are urged to 
assume a proprietary interest in the 
department. We are providing Mr. 
Martin with an oversize desk tray so 
that there will be room for all your 
letters—contributions from your day- 
to-day experience and_ constructive 
suggestions as to how the Corner may 
serve its purpose to maximum advan- 


i W. I. W. 
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SEWER MAINTENANCE PROBLEMS * 


By Harry Firrs 


Engineer, Sewer Maintenance Bureau, Borough of Queens, N. Y. 


Queens County, New York, is one of 
the five borough subdivisions of New 
York City and it has a population of 
about 1,456,000 spread over an area of 
75,000 acres: This is almost twice the 
population and nearly three times the 
area of the city of Boston. 


Description of System 


At the present time in the Borough 
of Queens there are about 1,250 miles 
of sewer of which two-thirds are com- 
bined sewers and one-third are sepa- 
rate or sanitary sewers. 

A proponent of either the combined 
system or separate system of sewers, 
given a set of favorable conditions, 
can make an excellent case for either 
type but from the viewpoint of main- 
tenance a separate sewer system has 
proved to be a source of endless 
trouble in Queens. During the build- 
ine boom in the Twenties and Thirties 
large subdivisions were developed with 
homes constructed on relatively small 
lots for which separate sewers were 
provided by the developers. As many 
of these developments were miles from 
tide water, construction of storm sew- 
ers or combined sewers in the very 
large sizes required by the topography 
would have been econfiseatory. Con- 
sequently, although plans for separate 
sanitary sewer systems and _ storm 
sewer systems were developed, only 
the sanitary sewers were built and, 
until recently, very few storm sewers 
have been provided. 


Separate Sewer System 


Under the pressure of public opinion 
many of the sanitary sewers which 





* Presented at the Joint Meeting of the 
New York State Sewage Works Association 
and the New England Sewage Works Asso- 
ciation; Albany, N. Y.; May 26-27, 1947. 


were installed have become under-de- 
signed combined sewers by the admis- 
sion of storm water from private house 
leaders and from the construction and 
connection of catch basins by public 
and private agencies. During and 
following a severe storm it is not now 
uncommon for the Sewer Maintenance 
Bureau to pump out 500 to 600 cellars 
which have been flooded by the back- 
ing up of sewage from the overtaxed 
sanitary sewers. To provide this 
service the Bureau maintains more 
than 40 portable pumps ranging in 
size from 2 to 6 inches. 

Many home owners have been forced 
to install cheek valves and manual 
shut-off valves on cellar drain lines in 
order to prevent the flooding of their 
basements during and following storm 
periods. To them this seems an un- 
warranted expense, as it does to the 
3ureau, and they feel they should 
have trouble-free use of the sanitary 
sewer. Because, however, of the time 
lag of several years between the con- 
struction of the sanitary sewers and 
the storm sewers, trouble-free service 
from the sanitary sewers is seldom ob- 
tained. 

Partial Capacity Combined Sewers 

Another aspect of the same problem 
has been the construction of large com- 
bined sewers of less than the ultimate 
design capacity. For example, if the 
drainage plan indicated that a given 
area should be drained by a two bar- 
rel sewer to accommodate 1,000 ¢.f.s. 
and the near future state of develop- 
ment warranted only one-half this ¢a- 
pacity, only one barrel of the sewer 
was built. At the time it seemed eco- 
nomically unreasonable to put an 
extra million dollars worth of concrete 
and steel into the ground to lie virtu- 
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ally idle for 20 years. Also consid- 
ered was the shallow depths of flow 
which would oceur during the early 
years and the resultant lower veloci- 
ties and increased: deposition of sus- 
pended matter. 

This practice of building partial 
capacity combined sewers has now 
been abandoned. When a community 
now petitions for the construction of a 
trunk or sub-trunk sewer it receives 
the sewer called for by the over- 
all sewer development plan. Conse- 
quently, in the future sewer mainte- 
nanee engineers will not have to spend 
time trying to explain to delegations 
of irate taxpayers why basements of 
two or three blocks of houses re- 
peatedly flood when connected to a city 
sewer for which assessments have been 
paid. 

To those not in the engineering pro- 
fession there is no distinction between 
kinds of sewers. If a man has a sewer 
in front of his house for which he has 
paid money, he feels it should accom- 
plish all things and if it is a combined 
sewer adequately designed and prop- 
erly constructed it just about does 
that, within the limits of the rainfall 
frequency curve used as the basis for 
its design. If the sewer to which « 
taxpayer’s house is connected is a 
sanitary sewer, the taxpayer finds it 
incomprehensible that the municipal- 
ity neglected to build storm sewers in 
the first place. He does not remember 
that he bought the property because 
of its attractive selling price. Even 
in rare cases where a trunk storm 
sewer is already in the ground, the 
general practice of requiring initiation 
of lateral sewer construction by the 
residents of the area concerned brings 
out the obvious fact that before lateral 
sewer construction can be effected 
there must first be occupied houses in 
the area, some of which will be incon- 
venienced by storm water before ade- 
quate sewers are provided. 

It is realized, of course, that cities 
that have grown at a uniform rate are 


a 
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less apt to develop the objectionable 
situations discussed above. In Queens 
the population sky-rocketed in the 
space of a few short years leaving the 
maintenance of the sewers in a large 
part of the country a matter of per- 
petual compromise between expedi- 
eney and good practice. 


Design Considerations Which Affect 
Sewer Maintenance 


There are many things which the 
designers of sewers can do to facilitate 
maintenance and cleaning problems. 
For example, a 20-in. cast iron force 
main crosses Flushing Meadows on 
piles and at two points there are bends 
of more than 45 degrees deflection. 
Several years after construction both 
of these bends separated from the pipe 
probably beeause of water hammer 
created when the checks closed. These 
separations resulted in difficult repairs. 
The answer to this problem was found 
in the use of lug or beaded pipe and 
fittings with tension rods which, of 
course, is standard water main prac- 
tice on bends. This type construction 
could have been incorporated in the 
original project with the resultant pre- 
vention of a difficult and expensive 
maintenance problem. 


Regulators—Weirs 

The maintenance crews of the 
Bureau have never been able or will- 
ing to give regulators the attention 
they require. For this reason all sep- 
aration of flow is now accomplished 
with fool-proof weirs of one form or 
another. One of these weirs is 126 ft. 
long and overflows into a partial ca- 
pacity sewer section 31 ft. wide and 22 
ft. high, inside dimensions. These 
ridiculously large sizes for the area 
drained were required by very un- 
favorable topography. 


Inverted Siphons 
Inverted siphons in the smaller pipe 


sizes are built in Queens with a split 
cast iron pipe inserted in both ends 
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of the bottom pipe near the elbows, 
with manholes located directly over 
them. Ready access is thus possible 
by simply unbolting the top half of the 
split pipe. For large size siphons it 
is imperative that the several siphon 
barrels terminate in a common cham- 
ber. The chamber should be so ar- 
ranged that suitable planks can be 
set in wall grooves so that any one of 
the siphon barrels can be isolated for 
cleaning with complete safety. Re- 
cently a three-pipe siphon had to be 
cleaned at great cost due to the ab- 
sence of such simple means of bulk- 
heads. Tight bulkheads permit de- 
watering and working in the dry with 
hand labor and wheelbarrows. 


Shafts 


For economic reasons there seems to 
be a disinclination on the part of de- 
sign engineers to provide sufficient 
shafts on tunnel sewers. One 11-ft. 
J-in. circular combined sewer at 
Queens has shafts up to 70 ft. deep 
located as far apart as 2,900 feet. 

The sewer velocity at 0.8 depth is 
9 f.p.s. or 6 m.p.h. and at dry weather 
flow the velocity is about 4 f.p.s. In 
view of the slimy invert on which men 
cannot hold their footing, an examina- 
tion of the condition of this sewer 
after 20 vears is difficult. 

Sinee the shield got out of line dur- 
ing the driving of the sewer, powerful 
searchlights will not show through be- 
tween shafts, for this was tried. If 
part of the lining was to need repair 
and access could be obtained, the dry 
weather flow could probably be flumed 
but sudden storms build up fast and 
if one broke how could the repair crew 
be removed? Here again foresight on 
the designing engineers’ part can 
eliminate an almost insoluble problem 
for the maintenance engineer. 

The galvanized wrought iron stair- 
ways in all of the combined sewer 
shafts have badly corroded and re- 
quire replacement after 20 to 30 years 
of exposure to mixtures of gases and 
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moisture. If it is conceded that the 
life of monolithic concrete sewers, as 
recently built, is at least 100 years, 
the need for a more durable stairway 
material is apparent. The cost of the 
more durable material and its fabrica- 
tion could be three or four times the 
cost of present galvanized wrought iron 
and the more durable material would 
still be economical. Wire brushing 
and coating with bituminous or resin 
based protective coatings are not only 
expensive: but, where there has been 
a definite loss of section, are also 
impractical. 


Cleaning Basins and Sewers 
Basin Cleaning Machines 


At the present time the Bureau has 
13 basin cleaning machines and 6 
sewer cleaning machines, all motor- 
truck mounted. The basin machines 
require two dump trucks since a con- 
siderable haul is required to the few 
dumps remaining available. One 
dump truck is filled while the other is 
on the road. 

Other cities have had excellent sue- 
cess with the dump body mounted on 
the same chassis with the crane. The 
Borough of Manhattan has 12 of 
these. In traffic congested communities 
where hauls are short, the self-con- 
tained rig has a great deal to recom- 
mend it. 

Basin cleaning machines have been 
used ‘by the Bureau for excavating 
in sandy soil and have been found to 
be very adaptable. On one occasion 
an 18-ft. special boom with a heavy 
casting hooked to the hauling line 
was used to knock down a concrete 
wall by swinging the casting against 
the wall. The equipment manufac- 
turer would probably hesitate to rec- 
ommend such a practice but expedi- 
ency was the mother of this adaptation. 


Material: Disposal 


The disposal of material removed 
from basins and sewers is becoming a 
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serious problem. Eventually this ma- 
terial will have to be dumped at sea. 
At' the present time the Department 
of Publie Works sludge vessels are 
only equipped to handle pumped 
sludge so the sewer maintenance bu- 
reau payroll may soon carry the 
anomalous title of barge captain. 


Sewer Cleaning Machines 


The sewer cleaning machines used 
have a triple drum hoisting assembly 
with steel mast and 13-ft. boom. The 
drums accommodate 450 ft. of 7/16-in. 
draw cable, 900 ft. of pull-back cable 
and 200 ft. of boom release cable. Op- 
erations can be performed 300 ft. each 
way from a single manhole, resulting 
in the cleaning of 600 ft. of sewer with 
one reversal of the machine’s position 
and a switch of dead:men. The load 
is taken off the rear wheels by the 
usual screw jacks. 

The limitation on the size of this 
machine and its buckets, and thus the 
removal rate, lies in the least diameter 
of manhole frame, with due consider- 
ation being given to the reduction in 
the effective passing area by the man- 
hole steps near the top. The Bureau 
has used buckets of the following sizes: 
18 in. by 36 in., 15 in. by 30 in., and 
12 in. by 24 in. Of these the 18-in. 
bucket is the one most used. 


Contract Cleaning 


With the present facilities of the 
Bureau no attempt is made to clean 
the larger sewers if the deposits are 
extensive. All of this work is done on 
a contract basis. At the present time 
a contractor is cleaning a 900-ft. stretch 
of 84 in., 90 in., and 96 in. sanitary 
sewer in which 960 eu. yd. have ac- 
cumulated, or nearly a yard per foot 
of sewer. This sewer traverses the 
new Idlewild Airport for practically 
the entire contract. Because of many 
anticipated difficulties, all of which 
are enumerated in the specifications, 
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the low bid for cleaning was $9.40 
per cu. yd. Some of the difficulties 
never materialized because of progress 
on the airport construction. For ex- 
ample, a haul of the moved material 
was not required; the contractor had 
only to spread the gravelly material 
on the airport in advance of the 
eraders. 

The equipment used is fairly stand- 
ard for work on a sewer where the 
flow cannot be by-passed. Manholes 
were first broken down at points 400 
to 600 ft. apart until the 4-ft. square 
section was reached. This was neces- 
sary in order to pass a one yard 
bucket. A 5-in. diameter cable was 
fastened to the bail end of the bucket, 
passed up stream to the manhole, 
through a snatch block and up to the 
hauling drum on a crawler crane. An- 
other 5-in. cable was attached to the 
bottom of the bucket and passed _ to 
the downstream manhole, over a sheave 
and up to a gasoline winch. After the 
winch makes the back-pass with the 
erane cable slack, the crane picks up 
the haul. When the bucket reaches 
the snatch block one man has to be in 
the sewer to slip it off when the op- 
erator gives him slack. Then the crane 
has a straight pull-up and is able to 
swing the bucket over the truck. It 
is dumped by using the crane’s closing- 
line shackled to the bottom eye at 
each dumping. 


Bucket Alterations 


The material found in the sewer 
was consolidated gravel and sand 
mixed with asphalt and road oil. In 
this material the bucket just dug a 
channel. Use of the bucket seemed 
impossible until the contractor con- 
ceived the idea of cutting a slit on 
three sides 6 in. below the rim and 
then bending out a lip with a 4-in. 
opening to scoop in the material. This 
did the trick. After being placed in 
the dump truck the removed material 
does not have much water in it as the 
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water either leaks out around the tail- 
board of the truck or spills off as 
supernatant when the body is full. 
No allowance is made for heaping. 


Manhole Location 

Trunk sewers of large size must be 
cleaned mechanically. This means that 
the cleaning equipment must be prop- 
erly placed over the center line of the 
sewer. The sewers recently constructed 
all have cleaning shafts located along 
a line transverse to the line of the 
sewer and at convenient intervals. 
For example, a three barrel 16 ft. by 
10 ft. sewer now under construction 
has groups of cleaning shafts—one on 
each barrel—located about 500 ft. 
apart and on the centers of each roof. 
Ladder manholes are over the separa- 
tion walls and are spaced 160 ft. apart. 
At these points a space is left in the 
wall and a ladder run down the wall 
edge. The opening serves also as an 
equalizer. A man ean walk freely 
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across to all three barrels and is handy 
to the clean-outs when dead-men have 
to be set for cable equipment anchor- 
ages. Although timber dead-men are 
now being used, consideration is being 
given to the idea of placing eye-bolts 
in the conerete walls to which chains 
can be hooked. 


Costs 


The last real attempt to arrive at 
costs for basin and sewer cleaning ac- 
complished by Bureau personnel was 
in 1942. The cost of removing basin 
material was $2.32 per cu. yd., includ- 
ing gasoline, oil, repairs, depreciation 
of equipment, direct labor cost and 
overhead. This compares with ap- 
proximately $7.00 per cu. yd. for hand 
removal. The sewer dragging machines 
have such varied weekly removal ¢a- 
pacities that only an intelligent guess 
ean be made as to the cost. Probably 
$3.75 per cu. yd. is not far from cor- 
rect. 


OPERATION AND MAINTENANCE OF A SMALL 
ACTIVATED SLUDGE PLANT * 


By Leonarp 8S. HI.uis 


Superintendent, Sewage Treatment Plant, Caro State Hospital 
for Epileptics, Caro, Mich. 


The Caro State Hospital is located 


. about four miles southwest of Caro, 


Mich. on the Cass River, a branch of 
the Saginaw River. The sewage treat- 
ment plant serves the institution only, 
a population of about 1,700. The 
average flow per capita is 105 g.p.d., 
making a total average flow of 180,000 
v.p.d. Most of the sewage reaches the 
plant by gravity, while the remainder 
comes from patients’ quarters located 
on the south side of the river, and is 
pumped under the river to the plant. 


* Presented at 22nd Annual Conference, 
Michigan Sewage Works Assn.; Jackson, 
Mich.; May 15, 1947. 


The plant consists of a comminutor, 
one 21,000-gal. primary settling tank, 
three 40,000-gal. aeration tanks with 
mechanical aerators, two 18,000-gal. 
final settling tanks, a chlorine contact 
chamber, a 100,000-gal. floating cover 
digester, and glass-covered drying 
beds. The primary and final settling 
tanks are of rectangular design with 
chain flight collectors. 

The writer’s four years of experi- 
ence in sewage plant operation have 


‘been confined to this small activated 


sludge plant. When going into the 
plant for the first time he was abso- 
lutely ignorant of the principles of ac- 
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FIGURE 1.—View of Control Building at the Caro State Hospital sewage 
treatment plant. 


tivated sludge sewage treatment. After 
he had been at the plant a few months, 
had studied available books, materials, 
and past records, had carefully exam- 
ined construction blueprints and man- 
uals, kad attended one short course and 
conference at Michigan State College, 
and had seemingly brought the plant 
to a point of successful operation, he 
felt that he knew practically every- 
thing there was to be known regarding 
sewage treatment. But, as time went 
on, this viewpoint underwent a marked 
change, when one new problem after 
another presented itself. 

The answers to most of these prob- 
lems could not be found in books, and 
the procedures that appeared promis- 
ing, when tried, often did not work. 
One cannot successfully operate a 
plant simply by following the in- 
structions of others. He must know 
the sewage characteristics and the 
plant, and then by coordinating what 
he has learned from others with what 
he learns through experience, along 
with a little good judgment and per- 


severance, he can become a successful 
sewage treatment plant operator. 

The operator should know the stream 
or body of water into which the plant 
effluent flows, and to what use this 
stream or body of water may be put. 
It may be that the effluent does not 
need to be of high quality, but a good 
operator will not be satisfied with a 
poor effluent if it is possible for his 
plant to produce a better one with 
little or no additional cost of opera- 
tion. 

While he is given the title ‘‘Sewage 
Treatment Plant Superintendent,’’ 
this being a one-man plant, the writer 
is also the chief operator, the labora- 
tory technician, the laborer, and so on. 
There being only one operator means, 
of course, that he is usually on duty 
only during regular working hours, ex- 
cept when duty insists that he cancel 
some pre-arranged plans to take care 
of unpredictable emergencies. 

The small plant operator is in a 
position to know his plant better than 
the large plant operator, as he alone 
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FIGURE 2.—Caro State Hospital sewage treatment plant. 
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Aeration units in foreground 


and digester at rear. 


is in personal contact with each and 
every part of it. He performs the 
minor duties along with the important 
duties, and if anything is not done 
correctly, all he must do is correct his 
own and not the mistakes of 
others. 

The responsibilities and duties in a 
small activated sludge plant are in 
every Way as important and numerous 
as those of a large activated sludge 
plant, at least as far as actual plant 
performance is concerned. 


errors 


Operating Observations 


This being a mental institution, most 
of the sewage flow comes during the 
day, with a high percentage of laundry 
waste. About 65 per cent of the aver- 
age week day flow comes between 8 
A.M. and 6 p.m. and about 40 per cent 
of that flow is laundry waste. Almost 
every plant has some particular waste 
that is outstanding and is often diffi- 
cult to treat, as in this case the laundry 
waste. In this plant the soapy waste 
tends to cause a light and fluffy acti- 


vated sludge, which sometimes behaves 
like a bulking sludge during peak 
flows, but if kept under control will 
turn out a sparkling clear effluent. 

Some of the operating problems 
brought on by the exceedingly wide 
variation between day and night flow 
rates are (a) too short a retention pe- 
riod tn primary tank during peak flows 
and (b) much too long a retention 
period during night flows, especially 
during the hot summer season, often 
leading to creation of a septic con- 
dition and formation of hydrogen sul- 
fide. To overcome this condition the 
first aeration tank is used for preaera- 
tion of primary effluent only, so when 
it enters the second aeration tank, 
where it is mixed with the activated 
sludge, it contains a dissolved oxygen 
residual and is in better condition to 
receive the activated sludge. 

With such extremes in sewage flow 
it is difficult to obtain maximum aera- 
tor performance at all times. If aera- 
tors are adjusted for the average rate 
they will flood during high day flows 








898 SEWAGE WORKS JOURNAL 


and surge during the low night flows. 
Attempt has been made to correct this, 
but with only partial success, by 
adjusting the aerators for maximum 
performance during peak flows and 
inserting a partial gate in the chan- 
nel to the final tanks to hold a higher 
level in the aerators during the night. 

Even then it is often impossible to 
keep an adequate dissolved oxygen 
residual in aeration and final tanks 
during peak flows to keep the return 
sludge in a healthy condition. It has 
been found that between 1,600 and 
1,800 p.p.m. of suspended solids in the 
mixed liquor will withstand shock loads 
better than lower concentrations, pro- 
vided that an adequate supply of dis- 
solved oxygen is available. With me- 
chanical aerators the dissolved oxygen 
supply is so limited that during hot 
weather it is necessary to lower the 
mixed liquor solids concentration in 
order to insure enough dissolved oxy- 
ven. Even with low aeration tank 
solids the dissolved oxygen residual 
often falls to less than 1 p.p.m. in the 
aeration tanks and to zero in the final 
tanks. 

Reference to shock loads does not 
necessarily mean unusual wastes. The 
laundry is at rest Saturday afternoon 
and Sunday, so on Monday the laundry 
waste is a shock load both in B.O.D. 
and quantity. On Tuesday the flow is 
about the same, but the shock is less 
apparent, and by the end of the week 
the plant is acclimated to the load. 
For best operation it is thought best 
to earry as high a concentration of 
activated sludge as needed to handle 
shock loads, provided an adequate 
amount of dissolved oxygen is avail- 
able for that concentration. 

The writer’s efforts in using chlorine 
to correct bulking of activated sludge 
have met with some success, but the 
practice has its disadvantages because 
in the process it seems to separate the 
grease, leaving it to float on the sur- 
face of the final tanks. This gives the 
tanks a bad appearance. 
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Seasonal Problems 


One of the seasonal operating prob- 
lems was definitely eliminated when 
a huge poplar tree, which practically 
overhung part of the tanks, was 
trimmed to the ground. The shade is 
missed during the lawn-mowing season, 
but there are now no leaves to plug the 
mechanical aerators and the return 
sludge pump. One aerator motor was 
burned out because of the impeller 
being stalled by leaves. On several 
occasions the ‘‘non-clog’’ return 
sludge pump was found in the morn- 
ing to be completely plugged with 
leaves, resulting in a layer of sour 
sludge on the surface of the final tanks. 

Another of the seasonal or almost 
seasonal operating problems comes 
during the spring thaws when the ice 
of the river, en route to the Saginaw 
Bay, jams and causes the river to rise 
high enough to flood the tanks com- 
pletely, thereby interrupting plant op- 
eration for from three to five days. 
This has happened three of the five 
spring seasons that the writer has been 
at the plant. The interruption usually 
means starting from the beginning to 
build a new activated sludge, as well 
as a lot of extra cleaning. 

The nuisance and operating difficul- 
ties created by the chironomus larva 
and fly during the first and second 
summers at the plant were completely 
eliminated by screening over the chlor- 
ination chamber where most of the 
flies seemed to hatch. The use of fly 
sprays and DDT has also helped. 


Digester Operation 


To date the digester has given little 
trouble. It is usually possible to find 
supernatant with less than 500 p.p.m. 
suspended solids. The pH ranges from 
7.0 to 7.3. There is enough gas pro- 
duced to keep the digester temperature 
between 85 and 90 degrees, except dur- 
ing the winter months when digester 
heating is supplemented by the plant 
heating system. 
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Both the raw sludge entering the 
digester and the digested sludge are 
of low solids eontent—about 3 per cent 
dry solids~—but the digested sludge 
usually dries readily. Disposal of the 
dried sludge is no problem as it is 
hauled away by an institution truck 
and used on the hospital vegetable 
and flower gardens. 

The digester scum layer which has 
been forming since the digester was 
put into operation in 1940 is beginning 
to ereate a problem. The layer is 
probably 5 or 6 ft. in thickness and 
is ocupying space that is needed for 
active digestion. The only way to re- 
move the scum layer successfully is to 
empty the digester completely. This 
is not easy to do when only one di- 
vester is available. 

When supernatant seems to be dele- 
terious to the activated sludge, it ean 
be lagooned without creating a nui- 
sanee. 


Maintenance Philosophy 


In a small plant the operator is also 
the maintenance man, so it is natural 
that he follow the slogan, ‘‘A stitch in 
time saves nine.’’ Proper lubrication, 
painting at right time and choosing 
the right paint for the right job, and 
caulking cracks in concrete to prevent 
further corrosion, are a few of the 
measures that may prevent costly re- 
pairs. There are many maintenance 
and repair jobs that a single op- 
perator cannot do alone, but he can 
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do a lot toward minimizing expense 
by having everything ready so that 
when help does arrive no time will 
be lost. 

This is a relatively new plant so the 
maintenance problems have not been 
too outstanding and it is hoped that, 
as equipment parts begin to show defi- 
nite signs of replacement need, they 
ean be replaced without waiting an 
indefinte period. The comminutor is 
still doing its duty, although repair 
parts were ordered for it last fall, ex- 
pecting they would be needed before 
the winter had passed. They still have 
not arrived. 

There are two types of cleanliness 
which the successful operator will have 
recognized: the cleanliness that is es- 
sential only to efficient plant opera- 
tion, and the cleanliness that meets 
the public eye. The efficiency of the 
operator will not be measured by just 
one or the other, but by both. Visi- 
tors, as well as your superiors, will 
partly measure your ability by the 
odors, or lack of odors, surrounding 
the plant. Quite often unpleasant 
odors can be eliminated or kept at a 
minimum by thorough cleanliness. 

Cleanliness and tidiness.also apply 
to the operator. Clean work uniforms 
tend toward a better reputation. Neat 
appearing grounds surrounding the 
plant are an additional asset to the 
operator, but the grounds should not 
be so lavish in a one-operator plant as 
to require time that is needed for 
actual plant operation. 


BARK FROM THE DAILY LOG 


By Water A. SPERRY 


Superintendent, Aurora (Illinois) Sanitary District 


May 5—Not all the duties of a plant 
operator deal with sewage or with 
the cold, impartial realm of figures. On 
January 1, 1947, the District started 
participating in the rights and bene- 
fits of the Illinois Municipal Retire- 


ment Fund. These benefits include a 
retirement pension, disability protec- 
tion and a death settlement for all em- 
ployees. 

Last January 10th our lovable old 
Irish watchman died. He had been 
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with us for 15 years but for the last 
3 years had been home ill and had 
been receiving a small pension, which 
was sorely needed. Although before 
his death he had paid only $1.50 into 
the Retirement Fund, his widow re- 
ceived a death benefit check for $960. 
Our district president and your Log- 
ger will not soon forget the pleasure 
derived from presenting that check 
to Mrs. De Vine. 

May 28—The May, 1947 Log told our 
story of the cleaning and repairing of 
primary digester No. 1. Subsequently 
a shaft. packing problem developed 
that nearly had us licked. A severe 
gas leak developed under the 5-ft. bull- 
wheel that drives the 4-in. shaft which 
carries the scum breaker arms and the 
bottom plows. This shaft passes 
through a sleeve in the roof of the 
digester. Between the shaft and the 
sleeve is a 34-in. annular space. The 
sleeve is about 18 in. long and was 
planned to project sufficiently below 
the underside of the roof to seal off 
the escape of gas. While this plan has 
functioned well on digesters Nos. 2 and 
3, it failed on digester No. 1. Efforts 
to push several rings of packing into 
the annular space failed to stop the 
gas leak, partly because the packing 
pushed through at the lower edge of 
the sleeve. A split collar applied to 
the shaft at this point failed because 
(1) the gas pushed the packing out of 
the top of the sleeve, and (2) the 
shaft, being slightly bent, caused an 
alternate tightening and loosening of 
the packing as the shaft revolved. The 
use of ‘‘L’’ hooks and a clamp band 
failed to keep the packing from push- 
ing out at the top. 

After studying the characteristics 
of several types of soft braided pack- 
ing, we tried common oakum, not too 
tightly placed and held in at the top 
by a second split collar. This plan 
worked as we thought it might. The 
oakum swelled with moisture, was still 
soft enough to take up the eccentricity 
of the bent shaft and was further sealed 
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from below by a gradual accumulation 
of fine particles of sludge which were 
blown into the sleeve packing at the 
bottom by the gas. We've had no 
trouble since! 

June 17—Today’s telephone adven- 
ture was a frantic call from the field 
inspector for the State Division of 
Waterways who had discovered that a 
3-ft. by 5-ft. iron cover grating had 
been tipped into a 16-ft. well at the 
fish trap on the Main Street dam. The 
resulting uncovered opening created a 
dangerous safety hazard in the heart 
of the city that the inspector appar- 
ently could not eliminate. 

For years we as a District have been 
cultivating the good will of the city de- 
partments by furnishing them free dis- 
tilled water for their car batteries. 
Having a surplus of gas, distillation 
of this water cost us nothing. We 
drew on this reservoir of friendship 
and in twenty minutes a Fire Depart- 
ment erew had fished out the grating 
with long pike poles. Later we spot- 
welded one end of the grating in three 
places. This made the grating easy 
to raise when necessary and is better 
than. locks or bolts for preventing 
vandalism by youngsters. 

June 24—Here is an item for Ripley! 
If sewage works operators were as re- 
soureeful as Old Mother Nature, few 
of their problems would go unsolved. 
The accompanying picture shows a 
voung hackberry tree’s effort to grow 
through a 6-ft. woven wire fence that 
surrounds the secondary settling tank. 
Due to sereening bushes no one had 
noticed what had happened. The 
young tree pictured (Figure 1) is 4 
to 5 inches in diameter. Along the 
center line of its trunk, the tree has 
grown completely around the fence 
wire. 

June 30—The obligation to issue an 
annual report is very real. As a 
record of stewardship and accomplish- 
ment, it is a must job., The finding 
of enough time to compile and write 
the report, however, ‘‘rides’’ one like 
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Sinbad’s ‘‘Old Man of the Sea’’! To- 
day we completed the final dictation 
of our annual report. The rest of the 
work is mechanical and easy. Oh, 
what a beautiful morning! Oh, what 
a wonderful day! 
July 9—Donald Henn, superintendent, 
DeKalb (Illinois) Sanitary District, 
ran headlong into an industrial waste 
problem at his plant, according to a 
letter received from him today. He 
related that one Monday morning he 
found that his plant treatment proc- 
esses had completely broken down. Gas 
production was down, all growth had 
completely sloughed off the top trick- 
ling filter stone, the final effluent was 
high in suspended solids and B.O.D. 
Fish were reported dying in the river 
and innumerable quantities of worms 
had sloughed off the filters into the 
final tank. 

Armed with a pH outfit Don and his 
assistant began to check the sewer 





FIGURE 1.—An item for Ripley—a tree 
with an ingrown fence! 
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system. Eventually they found a sus- 
picious flow and traced it to a garage 
in which a plating company recently 
had been started. Workmen had been 
adjusting a zine cyanide plating solu- 
tion and several times, while making 
successive dilutions, had dumped a few 
gallons of the solution to the sewer, 
quite unaware of the trouble it could 
cause. Don is a diplomatie chap and 
the company was quite apologetic, 
promising full cooperation in the fu- 
ture. Less than 1,200 gal. of the plat- 
ing waste had caused a complete 
breakdown of the biological sewage 
treatment processes. Within a few days 
conditions at the plant righted them- 
selves and in all likelihood cyanide 
wastes will not soon be a problem again 
in DeKalb. 

July 13—We made what turned out 
to be a wise decision today. For six- 
teen years the pump room walls at 
the Aurora plant have retained the 
cement wash coating originally ap- 
plied. With the walls darkened and 
streaked by time and spotted by roof 
leakage the room had lost its attractive- 
ness despite the colorful effect of the 
floor, the engines, and the pipe coloring 
scheme. Since we are to be September 
hosts to the Illinois Association of 
Sanitary Districts, and naturally want 
to look our best, we decided to paint 
the pump room. The job was difficult 
due to a 35-ft. ceiling, large areas and 
some places difficult to reach. At first 
it looked like a spray job. However, 
very high rental costs for spray equip- 
ment, the necessity for using large 
canvasses and dragging around long 
hose lines, the time lost in cleaning and 
tinkering with sprays, and the final 
cleaning-up needed afterwards tipped 
the scales in favor of the paint bucket, 
brush and ladder method. 

The painting was done as we found 
time to do it and proved to be much 
less expensive than anticipated. Only 
one 40-ft. ladder was purchased and 
no canvas was used. The pump room 
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is now attractive in its new color of 
palm green. 

July 16—There is a first time for 
everything. We gladly accepted an 
invitation today to talk at a public 
meeting at a small rural school near 
Aurora. Our subject: ‘‘The How and 
Why of Septic Tanks.’’ This was our 
first time to appear in this role. 

We talked and sketched for an hour, 
emphasizing the wisdom of following 
the simple workable plans provided by 
the State Department of Health, and 
advising strongly against the purchase 
of proprietary tanks that so soon give 
trouble. We feel sure that we helped 
our listeners and have marked down 
the adventure as a worthy service to 
the community. 

July 23—Completed revamping an old 
visitors’ exhibit today. For years we 
have had a display panel on which 
was sketched the Fox River from the 


Wisconsin line to its mouth at the 
Illinois River. All of the cities and 
towns located along the Fox were 


spotted on the sketch and a picture 
of the local sewage plants, together 
with a brief note, was shown for each. 
This panel has been a valuable exhibit 
for speaking dates, especially since 
there is a widespread local belief that 
the Fox River is one of the cleanest 
streams in the United States. 
Through constant use the panel had 
become dirty and dog-eared. We are 
remaking it with fresh pictures and 
will then frame it. At the top will 
be attractive views of the Aurora plant 
and at the bottom, under the heading 
‘“‘The Fox—A River Beautiful,’’ will 
be views of the river and pictures 
of holiday camping, fishing and boat- 
ing—those uses for which rivers were 
made! 
August 10—Hurrying home from the 
plant at 4 p.m. today, we jockeyed for 
position against a car entering our 
hairpin curve driveway, only to find 
it was our liability insurance engineer 
on his annual inspection trip. He is 
a conscientious fellow whom we like 
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and he looked us over—but good! 
First he looked at the circulating 
water pumps in the furnace room and 
then requested that we place guards 
around the couplings. Since he had 
been inspecting our plant for years, 
we asked him why this request now? 
He replied that accidents oceur in 
eyeles and that recently there had been 
a large number of coupling accidents. 

Substantiating his accident cycle 
theory, which our loeal insurance agent 
confirmed, he pointed out the large 
number of recent train wrecks and 
airplane crashes. On showing him the 
accident analysis pages in the 94th 
Annual Report of the Department of 
Water and Sewage at Detroit, Mich., he 
gave us the formula for calculating 
the frequency and severity indexes on 
which insurance premiums are based. 
He added that the Frequency Index for 
sewage plants is counted at 10. The 
formula given for the Frequency Index 
was: ‘‘total days lost, times 1,000,000, 
divided by total man-hours.’’ The Se- 
verity Index was stated as: ‘‘total days 
lost, times 1,000, divided by total man- 
hours.’”? He added that the price of 
a low accident rate is eternal vigilance 
on the part of all, especially the BOSS. 
August 21—If the reader cares to 
refer back to Tuts JourRNAL for No- 
vember, 1944, he will find that the 
first story in the Daily Log (page 
1227) is about tree roots. Today we 
are writing about the roots in that 
same sewer! In 1944 we paid $700 to 
clear the same kind of roots from the 
sewer that are pictured in Figure 2. 
This spring the cleaning operation had 
to be repeated at a cost of $816. The 
main stem of the two root masses shown 
was a good % in. in diameter and 
several bushels of. such root clumps 
were removed. Although the sewer 
was laid with poured bituminous joints, 
after 15 years the roots forced their 
way through. 

Failure to try copper sulfate as a 
remedy following the 1944 experience 
now seems a definite sin of omission, 
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especially after reading of the experi- 
ence of Supt. Hood at the Ridgewood, 
N. J. sewage treatment plant (May, 
1947 issue of The American City). 





FIGURE 2.—$816 worth of roots! 


Confirming this was the experience of 
Supt. J. W. MeAmis of the Greenville, 
Tenn. plant related to us by Louis 
Birdsall of the General Chemical Com- 
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pany. In both cities tree roots were 
readily killed by periodically placing 
several pounds of copper sulfate crys- 
tals in the manholes of sewers that are 
subject to root growths. 

Supt. Hood controlled tree roots in 
house connections by having a man 
eall at each house and place a pound 
or two of the copper salts in the bowl 
of the toilets, dissolving and flushing 
it through. No damage to trees was 
ever observed. The tree roots die, the 
main stem breaks off and the roots 
withdraw from around the outside of 
the sewer. 

We feel now that our error was in 
thinking of too elaborate preparation. 
All that seems required, according to 
experience elsewhere, is a small quan- 
tity of copper sulfate crystals that dis- 
solve in a low flow so that sufficient 
concentration is obtained. It is im- 
perative that there be some flow, even 
if such must be created artificially. 
Probably capillary attraction helps the 
copper to permeate the root masses. 
Copper sulfate is worth about $8 per 
100 pounds. From now on there will 
be no more hesitation or delay here 
in putting copper sulfate to the test. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


ConpbucTED BY LERoy W. VAN KLEECK 


It is disgraceful to stumble against the same stone twice. 


—Greek Proverb 


Report of Operation of the District of Columbia Sewage Treatment Plant 
for the Fiscal Year of 1946 * 


By RatpeH E. FuHRMAN, Superintendent 


Sedimentation Units Overloaded 


Because of the overload on the exist- 
ing sedimentation facilities, a contract 
for the design of four additional sedi- 
mentation tanks was entered into with 





* For last previous extract see: THIS JOUR- 
NAL, 18, 6, 1206 (Nov., 1946). 


Metealf and Eddy, the original de- 
signers of the plant. 


Settling Tank Ground Water Pressures 
Relieved 
During the year an underdrain was 


installed around the sedimentation 
tanks for the purpose of relieving 
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eround water pressures on the tank 
bottoms. With this underdrain it is 
possible to drain the sedimentation 
tanks for service operations at any 
time. (Abstractor’s note: Where high 
eround water levels are known to ex- 
ist, especially if deep tanks are used, 
another means of water pressure relief 
frequently employed is the installation 
of uplift valves which will open on the 
tank bottoms when they are drawn 
down and admit any ground water 
under pressure. These are generally 
built into the tanks at the time of con- 
struction. ) 


Digestion Tank Overload 


The increasing population load was 
felt by the digestion tanks more than 
any other units in the plant. The 
original allowance of 1.75 ecu. ft. per 
capita dropped during the year to 
about 1.1 cubie feet. As a result the 
seum blanket in all digestion tanks has 
increased to a serious depth. One 
tank has been taken out of service and 
complete removal of sludge and scum 
is under way. This appears to be the 
only way readily available to remove 
the accumulation of scum. In general 
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the digesters’ operating levels have 
been drawn down to receive raw sludge 
so that reliance upon the sludge and 
supernatant lines is eliminated. 


Sludge Drying Facilities Planned 


During the year the Department of 
Correction has further indicated in- 
formally the fact that more sludge is 
being shipped than can be used there. 
The ultimate solution to the problem 
appears to be in the installation of 
sludge drying and incineration facili- 
ties. This process would use waste 
sludge gas and produce a dried sludge 
that can be marketed to fertilizer inter- 
ests. To this end funds were requested 
and appropriated by the Congress for 
the fiscal year 1947 to allow the design 
of these facilities. 


Basic Operation Data 


The cost of operation and mainte- 
nance of the plant for the year was 
$207,164. The mean sewage flow was 
150.2 m.g.d. The settling tanks re- 
moved 44 per cent of the suspended 
solids in the raw sewage, and 25.3 per 
cent of the 5-day B.O.D. 


Annual Report for 1945 of the Niagara Falls (N. Y.) 
Sewage Treatment Plant 


3y Epwarp J. Smitu, Superintendent 


This is a very complete report cover- 
ing the historical aspects, design stages, 
and operation of this plant for the 
year 1945. Figure 1 is an illustrative 
section of the treatment plant. Table 
I is a summary of the operating data 
for 1945. 

Historical 

Work on the intercepting system 
was completed in June, 1937 and the 
treatment plant was completed in 1938. 
The plant was designed to remove a 
bacterial load rather than chemical 
load from the Niagara River, and com- 


prises principally fine screening with 
chlorination. 
Basis for Design 

Gaugings were made of the flows 
from the eight different existing out- 
falls of the sewer system, and the aver- 
age dry weather flow in 1933 was 
found to be 60 m.g.d. 

An industrial survey at the same 
time determined that the 54 industrial 
plants in the city contributed about 
40 m.g.d. of this amount, and further- 
more that 30 m.g.d. of these wastes 
comprised unpolluted cooling and proc- 
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TABLE I.—Summary of Operating Data 
for 1945 at Niagara Falls, N. Y. 


Item Average 
Population connected, 1946 esti- 
IN Ce es. bedic a ss 110,000 
Total flow excluding storm flows 
(oo er 73.92 
Grit (cu. ft. per m.g. sewage)... 2.99 
Screenings from coarse screens 
(0 SG per Mie.) Ss 0.11 
Fine screenings (cu. ft. per m.g.) . 4.0 
Fine screenings (per cent dry 
EE a ae aes ‘ 14.3 
Chlorination, effluent content 
(p.p.m.): 
Ave. 3.4 
Max. 280.0 
Min. 0.2 
Incineration: 
Lb. soft coal per ton dry solids 537.8 
Fuel oil per ton dry solids 
12 | SSS eat eee Be 
Total tons screenings and grit 
burned: 
fish Orr 5,981.3 
LO 8 ee ae 3,343.9 
Per cent volatile dry solids 40.6 
Tons ashes per m.g.......... 0.05 


Sewage analyses: 
Bar screened sewage: 


B79:D(p.pm:).......... 52.1 
Suspended solids (p.p.m.). . 383.0 
Fine screened effluent: 
BID. (Gpm.)....... 45.7 
Suspended solids (p.p.m.) 359.0 
Original plant cost............ $2,945,000 


Total maintenance and operating 
oost in 1945............ ; $107,776.41 
Cost per m.g. sewage treate id. $3.45 


ess waters that could be discharged 
directly into the river without treat- 
ment of any kind. 

In order to reduce the size of the 
treatment plant, it was decided to 
adopt a dual system of sewage collec- 
tion. One sewer is called the Diver- 
sion Sewer because its function is to 
divert the unpolluted wastes from the 
sanitary wastes. An interesting fea- 
ture of the dual design is that it saves 
about $700,000 by reducing the size of 
the plant, to say nothing of the in- 
ereased cost of operation, while the 
actual cost of the Diversion Sewer was 


only about $250,000. 
Unique Collecting Tunnel 


The existing sewer system consisted 
of eight separate outfalls into the river 
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below the falls, several of which were 
deep tunnels discharging at nearly 
river level. 

The collecting tunnel as designed 
was of necessity deep to take care of 
the deep outfalls. It ranges from 5 
by 6 ft. to 8 by 9 ft. in cross section 
and is 17,500 ft. long, and from 100 to 
150 ft. below the surface. 

An interesting feature of design is 
the elimination of the troublesome ree- 
ulators at points of interception. A 
simple double weir arrangement was 
installed at each outfall, which would 
intercept about twice the dry weather 
flow, and the real regulator designed 
in the plant as part of the plant strue- 
ture where access and maintenance are 
easy. (Abstractor’s note: Except in 
very special circumstances mechanical 
regulators in the sewer system are 
usually not worth their high cost and 
required maintenance. Invariably a 
simple weir will accomplish the pur- 
pose of storm flow diversion with both 
little initial expense and upkeep.) 


Type of Plant 


The plant site finally chosen was the 
only one along the entire gorge where 
there was the least possibility of 
squeezing in a plant. Various conven- 
tional plants were studied and dis- 
carded, due to excessive costs or lack 
of available areas upon which to locate 
the various units. 

In addition to ordinary fine screen- 
ing, provisions were made so that a 
thin layer of fine granular filter media 
such as coke, coal or sand could be 
superimposed on the screen surface to 
effect increased removals. 

The plant includes the following 
units: bar screens mechanically raked ; 
grease removal chamber; pre-chlorina- 
tion mixing chamber sett chambers ; 
fine screens of the flat dise type; post- 
chlorination ; contact tanks, sludge de- 
watering press; screenings incinera- 
tion; outfall to Niagara River. 
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(Grease Removal 


During 6% years of operation no 
erease has ever collected in the grease 
chamber, on chamber or channel walls, 
or on equipment. There has also never 
been any traces of grease or oil visible 
on the river surface at the outfall.. 

While undoubtedly there is dis- 
charged into the sewers the usual 
amount of grease, it is thought that the 
action of the ever-present chemical 
manufacturing wastes in the sewage 
forms fatty or organic acids, or an 
emulsion which may adhere to certain 
waste products such as paper fibre and 
similar organic matter and be largely 
removed by the fine screens. 


Fine Screen Performance 


Because of the inability of the city 
to segregate the non-polluting wastes 
from industries during the war, the 
plant sereens have never been oper- 
ated using the filter medium except 
during the acceptance tests. When 
the readjustment of waste discharges 
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is completed and flows reduced to nor- 
mal capacity, the screens will be oper- 
ated with the supplementing filter. 
(Abstractor’s note: Attempts to oper- 
ate at Norwalk, Conn., with a fine 
screen filter medium were unsuccessful. 
However, at Norwalk screenings and 
media were not both removed at each 
sereen revolution, a factor believed 
important in effective operation at 
Niagara Falls.) 


Chlorination 


The high chlorine content of the 
wastes from certain industries results 
in the need of only part time operation 
of the chlorinators. During summer 
chlorination (winter chlorination at 
the plant is not practiced), chlorine 
residual tests are run on both influent 
and effluent at least hourly. To facili- 
tate sampling of the effluent a con- 
stantly running sample stream is in- 
stalled in the laboratory. The effluent 
is pumped by a small triplex pump lo- 
cated so that samples will represent as 
near as possible the actual flow. 


Summary of Sewage Treatment Plant Operations for the Year 1945 
for the Greater Winnipeg Sanitary District, 
Winnipeg, Manitoba, Canada * 


By D. 


Descriptive 

The works operated by the District 
collects and treats the sewage from 
some 260,000 persons. Treatment in- 
eludes screening through comminutors, 
primary sedimentation, sludge diges- 
tion, gas collection, elutriation of di- 
vested sludge prior to vacuum filtra- 
tion, and sludge storage. 


Suggestions Made by Superintendent 
for Use of Sludge as Fertilizer 


Sludge cake is the earth-like residue 
left from the solids removed from the 


*For last previous extract see: THIS 


JOURNAL, 18, 6, 1202 (Nov., 1946). 


L. McLEAN, Superintendent 


sewage after the objectionable part has 
been removed by methane bacterial di- 
gestion. The cake is a fiber-filled soil 
builder, rich in humus. It is equal to 
or better than well rotted barnyard 
manure for general use. The average 
analysis on a dry basis is as follows: 


humus—35 to 40 per cent; nitrogen— 
2 to 3 per cent; phosphorus—1 to 2 
per cent; growth hormones—present. 


The ideal soil contains 20 per cent 
sand, 40 per cent clay and 40 per cent 
humus. Many local soils are deficient 
in humus which sludge cake can sup- 
ply. It will break down a elay soil 
and close up a sandy soil, causing 
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either to be more workable and to hold 
water longer for plant use. Most seeds 
will not germinate directly in sludge 
cake. Sludge cake is generally free 
from weed seeds and is practically 
odorless, although it may have a slight 
musty odor after a warm rain and 
before it has been worked into the 
soil. 

Sludge cake may be used on lawns, 
flower gardens, trees and shrubs. It 
should not be used, however, in vege- 
table gardens from which vegetables 
are to be eaten uncooked. It is best 
to spread it over the area to be treated 
in the fall and to spade it into the 
ground in the spring. (Abstractor’s 
note: If this is done in the temperate 
zones, as at Winnipeg, digested sludge 
should be safe for al! crops the follow- 
ing spring. Let it be emphasized that 
no ease of sickness has yet been traced 
to the use of digested sludge on garden 
soils. Parasitic worms may prove a 
problem in the South but have yet to 
be found in the North. The spreading 
of sludge on the garden plot the previ- 
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ous fall further removes any possibil- 
ity of sickness traceable to its use.) 

Sludge eake should not be mistaken 
for a balanced fertilizer. It is, how- 
ever, well worth hauling and applying 
to the ground. It is free for the haul- 
ing. 

Recommendations for application : 

Garden and Flower Beds: 2 to 4 
inches should be well spaded into the 
eround. 

New Lawns: 3 to 4 inches should be 
worked well into the seed bed before 
seeding. As much as 1 eu. yd. per 100 
sq. {t. may be used to advantage in 
proportions up to %4 to 1% of the soil 
volume. 

Existing Lawns: Up to 1 ineh may 
be raked into the grass roots and in 
bare areas (1 cu. yd. per 300 sq. ft.). 
(Abstractor’s note: This sounds like 
a rather heavy application. Care must 
be taken that the grass is not smoth- 
ered.) 

Trees and Shrubs: Use as a ‘‘muleh”’ 
around roots. 


Annual Report on the Sewage Treatment Plant of the City of Jackson, 
Michigan for the Fiscal Year Ending June 30, 1946 * 


By A. B. Cameron, Superintendent 


Swinging Supernatant Draw-off to Be 
Abandoned 


Some troubles have been encoun- 
tered with the swinging supernatant 
draw-off from the digesters and the 
swinging device will be abandoned in 
favor of a permanent overflow. 


Comparison of Sludge Drying with 
Open and Closed Beds 


During the past five years we have 
operated eight sludge drying beds of 
the same construction except that four 
of the beds were covered with the con- 


* For last previous extract see THIS JOUR- 
NAL, 19, 4, 671 (July, 1947). 


ventional type of glass covers as manu- 
factured by the Lord and Burnham 
Company. Careful records have been 
kept regarding the number of dryings 
per year, moisture content, ete., and 
we have found that during this period 
the covered beds gave 165 dryings as 
against 152 dryings for the open beds. 
On the above basis we have decided 
that the covered beds could not be 
justified on a cost basis, as the in- 
surance is high and the upkeep of 
painting, replacing broken glass and 
general maintenance ran into consider- 
able money; further, they had reached 
the point where we were faced with 
a considerable expenditure for repaint- 
ing and general overhauling. With the 
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above in mind, we decided to sell the 
elass covers. 

While this is of general interest to 
plant operators and engineers about 
the country, the results, of course, can 
be applied only to the type of sludge 
handled at Jackson. We feel, how- 
ever, that the conelusions drawn at 
Jackson will apply to a great extent 
to any other plant; in fact, the writer 
had a similar experience at Fostoria, 
Ohio in the early thirties and has never 
been overly sold on the idea of the 
covered beds since the Fostoria experi- 
ence. (Abstractor’s note: Aside from 
reduced drying time there are three 
additional advantages for the covered 
bed. In locations near houses where 
appearance is important the covered 
bed will generally be acceptable to 
near-by residents where open beds 
might prove objectionable. Odors may 
be confined during the first 24 hours 
of wet drying by closing all sash. 
While odors seep out through cracks 
in the structure, moving air does not 
sweep over the sludge mass causing 
carrying odors as distinguished from 
local odors. Thirdly, operator comfort 
is a factor during cold or wet weather. 
Some operators actually plan sludge 
cake removal from enclosed beds on 
rainy days when onvtdoor work is un- 
pleasant. Cost of installation and 
maintenance is, as Supt. Cameron 
points out, a big factor and there are 
many locations where open beds are 
completely satisfactory for sludge dry- 
ing.) 

Table II is a summary of the 1946 


operating data. 


EXTRACTS FROM OPERATION REPORTS 





909 


TABLE II.—Summary of 1946 Operating 
Data at Jackson, Mich. 


Item Average 

Connected population............ 50,000 
Sewage treated, m.g. for year..... 2,577 
Air consumed, million cu. ft. for 

PERE 5 ec sas oS PSN rane os ss us bcae wee 1,665 
Gas produced, thousand cu. ft. for 

Ce TORIES RIN TOD Re 21,808 
Gas wasted, thousand cu. ft. for 

MORE Ce ek eee cenit 6,167 
Dry solids removed, tons for year.. 2,282 
Digested solids removed, tons for 

2S ae Ne ae ee 1,310 
GOR OR ODCPAGON 555 ee) apse bcs $56,473.96 
WOstmper Wp ee Pd os 3 $26.08 


Suspended solids (p.p.m.): 
MREROU Re Sictshar freee + Le eA 229 


BAP CPMUBIG. 6646 5 5 case's oo 15 

Mixed liquor............ 2.500 

Reduction by plant (%)........ 94 
B.O.D. (p.p.m.): 

UMN ie To ai.) s08 Srl aks Shoe a 155 

Hinsliehtaent:. «5 hoses osc nes 4 

Reduction by plant (%)........ 97 
Dissolved oxygen (p.p.m.): 

TR Aa Val eo re 1.3 

PAD CHIMGRG f 2 5-5 oo 5 5 nce ore ase 6.7 
Per cent of sludge returned....... 16 
Sh bs 2). 51 
Reduction of solids in digesters: 

MOU) os 5 beep siind eka bo 35 ar 31 
WOME) icdicdis cs cece sates 48 
Ae (GUe ES PEE BAL). o 55. bs cae oe! 0.7 
Sewage flow (m.g.d.) ............ 7.06 

Raw sludge to primaries (1,000 

ST tet ND ea 30.7 
Cu. ft. gas per capita per day..... 1.2 
Lb. dry solids removed per capita 

PROT oa otoats cateescle escalates 0.25 
Grit removed (cu. ft. per m.g.).... 0.57 
Per cent COs in digester gas...... 30 
Dissolved oxygen in Grand River 

(p.p.m.): 

Aber nNt) 6 ssccracus oes 8.0 

PROROWIIREED, 585.51 csiohece y oco's 3 hs 8.1 
Alkalinity in digested sludge 

nde] a SOR a ee OR 2,764 


Annual Report on the Worcester, Mass. Sewage Treatment Plant 
for the Year Ending December 31, 1945 * 


By Joun H. Brooks, Jr., Superintendent 


Type of Plant 
This plant was placed in operation 
in 1925 and consists of grit chambers, 


* For last previous extract see: THIS JOUR- 
NAL, 18, 6, 1210 (Nov., 1946). 


bar screens, Imhoff tanks, dosing tanks, 
standard rate trickling filters, second- 
ary settling tanks, and drying beds. 
Works Operation in 1945 

The acid sewage, which has caused 
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difficulties with trickling filter opera- 
tion throughout the war, changed in 
intensity of acid concentration immedi- 
ately following V-—J Day, August 15, 
1945. The pH of the sewage became 
normal, or as it was prior to the war. 
Whether or not the abrupt change 
from low pH was harmful to the 
clogged condition of the filters is diffi- 
cult to state. 

In October, flooding of the filters 
was carefully done in an effort to clear 
them of clogging material. This was 
not successful. Resting of the filters 
did not improve conditions. Then 
cold weather prevailed; so that at the 
end of the year the trickling filters 
are ina partially clogged condition. 

The iron content of the filter in- 
fluent makes the use of chlorine a 
doubtful procedure to relieve clogging 
of the filter medium. Iron could be 
precipitated and cause increased clog- 
ving. 

It appears that the best procedure is 
to await the nornfal unloading period 
during next May and June and trust 
that the more favorable pH of the 
filter influent will cause bacterial life 
to return to the filters and bring 
about filter unloading. The filters have 
not unloaded during the period of 
excessive acid condition of the sewage 
during 19438, 1944 and 1945. 

The statement made in the 1944 an- 
nual report can well be repeated: ‘‘The 
trickling filters are in poor condition 
as a result of the character of the in- 
fluent from early in 1943 (until Au- 
gust, 1945) and will not regain satis- 
factory or normal operating efficiency 
until the quantity of acid discharged 
into the sewage is greatly reduced. 
Following this, the filters will have 
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to clear themselves of all clogging ma- 
terial by proper operation accompa- 
nied by favorable warm atmospheric 
conditions. ”’ 

All other units of the sewage treat- 
ment plant are operating in the usual 
manner. (Abstractor’s note: Since 
this report has been released, it has 
been decided that major renovation of 
the trickling filters will be required 
before filter operation can be resumed. ) 


Plant Understaffed 


It is unfortunate that the Worcester 
sewage treatment works, with its ‘pre- 
war record of successful operation, 
should continue to struggle with in- 
sufficient operating personnel and 
funds. As a consequence thereof, there 
exists dissatisfaction with the working 
conditions and hours among the small 
number of employees. Moreover, it is 
impossible to maintain efficient operat- 
ing conditions and facilities ; the physi- 
cal condition of the property has been 
neglected due to the lack of sufficient 
operating funds and labor. 

Reluctance to correct these con- 
ditions could be appreciated if operaf- 
ing costs were exorbitant. Such is not 
the case. It is believed that no other 
sewage treatment plant in this country 
is giving complete treatment to the 
sewage, including 3 m.g.d. of industrial 
waste liquors, from a population of 
200,000 persons for the sum of $6.15 
per million gallons or 30 cents per 
person per year. 

The excellent past achievements of 
Worcester in treating its industrial 
sewage should be continued. This ean- 
not be accomplished unless the operat- 
ing funds and personnel are increased. 
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MOISTURE CONTROL IN MASONRY MAINTENANCE * 


ASONRY MAINTENANCE 911 





By R. D. THAYER 


Waterproofing Contractor, Detroit, Mich. 


Deterioration of buildings by the 
elements has been one of the big prob- 
lems of the construction field since man 
changed from tents and caves to 
masonry buildings. Chief among the 
problems has been the breaking down 
of different types of masonry caused 
by the permeation of moisture into and 
through such construction. The word 
‘‘through’’ is used advisedly as will be 
mentioned later. 

Up to the turn of the present cen- 
tury, damage by moisture, as a sepa- 
rate factor, had not appeared so very 
important or serious; but with the 
common acceptance of conerete as a 
major construction material it soon be- 
came evident that some type of admix- 
ture material could or should be added 
to the concrete mass to reduce capil- 
larity. 

With the arrival of the building 
boom of the Twenties, cement had be- 
come an accepted major building ma- 
terial to such an extent that the cement 
manufacturers were busily engaged in 
promoting the use of cement mortars 
for brick construction. Gradually ce- 
ment mortars largely supplanted lime 
mortars, and so continued the trend 
toward the use of cement in construe- 
tion, with the so-called ‘‘cast stone”’ 
being probably one of the weakest fea- 
tures of this period. Thus was born 
the necessity for waterproofing serv- 
ices to combat the disintegration in all 
types of masonry construction, from 
the top of the tallest towers to the bot- 
tom of the deepest excavations. 

In order to present this subject 
clearly, it is being divided into four 
parts: (1) Evidence, (2) Cause, (3) 
Correction, and (4) Preventive Meas- 

* Presented at 22nd Annual Conference, 


Michigan Sewage Works Assn.; Jackson, 
Mich.; May 14, 1947. 





ures. Evidence is placed before Cause 
deliberately, as in most cases there is 
no thought of Cause until the Evi- 
dence is very plain. 

Under the heading of Evidence are 
included some of the more noticeable 
features of disintegration such as the 
spalling and cracking of concrete; 
spalling and dusting of brick; the 
efflorescence on brick or tile; staining 
of stone, particularly at joints and the 
underside of lintels, cornices, and 
other projections; and the disintegra- 
tion of mortar joints. 

The spalling of-conerete on exterior 
surfaces is much more common in the 
cold climates than in the warmer sec- 
tions due to the expansion of the mois- 
ture which, in freezing, gradually 
breaks down the surface of conerete 
masses. In the southern climates, 
however, disintegration due to the ex- 
tremely rapid temperature changes 
presents nearly as serious a problem 
as freezing does in the colder climates. 
This is evidenced by the frequent 
breaking down of surface textures on 
south and east exposures where build- 
ings have had no protection from the 
morning sun. These exposures con- 
tract considerably during the cool 
night hours, and then are subjected to 
sudden expansion by the direct rays of 
the hot morning sun. Even in the 
northern climate of Michigan, build- 
ings have shown greater deterioration 
on the south and east sides from these 
causes than on the north and west 
sides which are entirely exposed to the 
prevalent storms of Michigan winters. 

Cracks in conerete are very often 
caused by the oxidation of reinforcing 
rods and their resulting expansion. 
This type of cracking is also commonly 
found to be due to the flanges of em- 
bedded steel sash; angles or channels 
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embedded to hold door-frames;_ I- 
beams, H-columns, and lintels incased 
in econerete; supports for motors, 
tracks, ete. These cracks must not be 
confused with those due to expansion 
and contraction, or those due to strue- 
tural stress. 

Moisture in brick is often evidenced 
ky a white deposit on the brick sur- 
face, which is known as efflorescence. 
If on the exterior, this is due to either 
(1) extremely high humidity inside 
the building with the heat of the sun 
drawing such moisture through the 
wall, as mentioned in the opening 
paragraph; or (2) the moisture pene- 
trating from the outside, then being 
drawn out by the sun. This can also 
work in reverse if the temperature in- 
side the building is high and the hu- 
midity lower than the normal outside 
humidity. This is often shown inside 
by a deposit of fine white powder on 
the plaster, particularly around the 
windows. 

Another place where efflorescence is 
often evident is on an unprotected 
parapet wall. Whatever the cireum- 
stances are, efflorescence is proof that 
moisture permeating the masonry is 
dissolving some of the free salts, is 
bringing them to the surface by capil- 
larity, and is depositing them as a 
warning that disintegration is taking 
place. 

In the case of common brick, efflores- 
cence will very soon cause a dusting or 
spalling off, which, if allowed to con- 
tinue, may mean the replacement of 
many brick. This is not an even dis- 
integration, due to the difference in 
texture and burning of brick. It is 
not uncommon to find a beautiful bent 
grass lawn, upon which much money 
has been spent, made unsightly after 
a rain storm has transferred the dis- 
integrated brick surface from the 
building walls to the lawn. 

Spalling of face or glazed brick 
takes a different form, the more usual 
pattern being that the moisture pene- 
tration is much greater into the flat 
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side of the brick ‘than into the face. 
Moisture thus entering from the mor- 
tar joints penetrates into the body of 
the brick and, as the face of the brick 
is less porous, is partially trapped. 
The disintegration which ensues, to- 
gether with the freezing, will eventu- 
ally cause the surface of the brick to 
break off, usually about a half inch 
back from the face. This not only 
results in unsightly appearance but 
also creates a safety hazard for any- 
one passing or working below. Com- 
mon examples of this can be observed 
on some of the enameled brick gas sta- 
tions and hamburger stands which are 
so common along main highways. 

The rusting of reinforcing rods due 
to the penetration of moisture is par- 
ticularly bad where the concrete mass 
is continually exposed to high humid- 
ity, such as the concrete immediately 
adjacent to aeration or sedimentation 
basins of a sewage treatment plant. 
Disintegration of conerete is extreme 
wherever the water level fluctuates. 
This is especially noticeable in the tail- 
race and penstocks of power plants, 
where the water flow is intermittent. 
Probably it is also apparent in many 
parts of sewage disposal plants. Any 
deposit of inert matter, however, will 
tend to reduce this action and is a 
plain evidence of the need for water- 
proofing of all surfaces where moisture 
is prevalent. 

Experience has shown that the oxi- 
dation vf iron embedded in concrete 
is very slow where such concrete is be- 
low the permanent water line because 
the amount of oxygen available is not 
sufficient for rapid development of 
rust. Another very pronounced ex- 
ample of reinforced concrete deterio- 
ration is the fast action of moist at- 
mosphere and hot sunshine upon the 
balusters, hand rails and girders of 
highway bridges. This ean be seen 
on any road. 

At the present time the spalling of 
concrete on above-ground structures 
is becoming a serious menace to the 
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public. The Department of Building 
and Safety Engineering for the city of 
Detroit has ordered an inspection of 
the eonerete, cast stone, stone and 
brick projections of many of the large 
downtown buildings and, in many 
cases, has condemned parapet walls 
and overhanging projections as un- 
safe. Investigation indicates that most 
of these buildings were constructed 
during the Twenties, which would be 
evidence that cement mortars of that 
time were more or less faulty. To 
substantiate this is the fact that many 
leading firms which strive for quality 
in masonry construction are ineorpo- 
rating more lime in brick mortars than 
was used a few years ago. 

This reference to mortar mixes 
brings up the most important part of 
this discussion: methods for correction 
and restoration. Present waterproofing 
materials are divided mainly into the 
following types: admixtures, surface 
materials, and penetrating materials. 

Admixtures undoubtedly should be 
used in original construction. They 
are, however, very useful in concrete 
restoration of exteriors, for by the 
proper use of these, spalled and 
broken areas are more satisfactorily 
repaired. 

Unless some compensating material 
is used in the building-up of patches 
of the type needed where reinforcing 
bars have broken off heavy pieces, the 
conerete mass used for replacement is 
very apt to shrink sufficiently in eur- 
ing to eause some fracturing of the 
bond between the old surface and the 
new. Metallic type admixtures are 
one of the most satisfactory types now 
available. This is somewhat anoma- 
lous, since the oxidation of the em- 
bedded reinforcing metal has caused 
the original trouble. The oxidation 
products of the fine particles of the 
metallic admixture will expand suffi- 
ciently to compensate for the shrink- 
age of the concrete during the curing 
process. 

While it is not impossible to do 





restoration work without admixtures, 
by using them the ordinary mechanic 
is able to do more satisfactory and 
efficient work; results are more uni- 
form; and costs are less, under most 
conditions. 

It is important to know that if the 
restoration work is followed by paint- 
ing, metallic waterproofing materials 
will bleed through unless a_ special 
type of paint is used, such as one of 
the rubber base or resin product paints. 
To obviate the necessity of using these 
special paints, which are quite expen- 
sive, it is satisfactory to use some of 
the fatty acid admixtures in place of 
the metallic type. This not only forms 
a very good foundation for the ordi- 
nary oil paints, but reduces eapillarity 
to a very pronounced degree. 

Another phase of maintenance work 
in which admixtures have a very defi- 
nite value is in the prevention of wa- 
ter penetration by hydrostatic pres- 
sure, such as in tunnels, pits, tanks, 
and basements where the concrete 
walls are porous or have developed 
cracks through stress, shrinkage or 
settlement. 

In considering surface types of wa- 
terproofing, there is a wide variety of 
ideas or, more accurately, sales talk, 
for the public has lately been deluged 
by advertising in magazines and news- 
papers. Probably all, or nearly all, of 
these so called ‘‘cure-alls’’ have merit 
but unless applied by ‘‘Super-man,”’ 
will not meet the expectations of the 
purchaser. 

One of the original surface types of 
waterproofing materials which is still 
commonly used, with more or less satis- 
factory results, is the cementitious 
coating. This material is marketed 
under various trade names. All are 
water-repellent in varying degrees. 

Moistureproofing rather than water- 
proofing is needed, however, to really 
preserve masonry structures. For al- 
though a surface coating may stop a 
flow of water, it may still allow the 
penetration of moist air by capillarity 
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or, under some conditions, vapor pres- 
sure. In an inclosed chamber, whether 
this be a tank or a room, if the tem- 
perature is raised the air automatically 
expands, increasing the vapor pressure. 
If the sun’s rays are striking directly 
on the exterior of the wall of such tank 
or room, moisture will penetrate 
‘‘through”’ the wall. Consideration of 
these facts will explain why moisture 
control rather than mere waterproofing 
is needed. 

One reason why surface types of 
waterproofing have remained popular 
is because they furnish a cheap dec- 
orative coating with some waterproof- 
ing qualities. These should be classed 
as decorative coatings rather than 
waterproofing materials and are not 
satisfactory where protection is the 
prime requisite. Surface coatings are 
one of the most profitable coatings 
which contractors can apply. This 
undoubtedly is the main reason for 
their continued popularity. 

While discussing surface type coat- 
ings, some mention should be made of 
the membrane and asphalt plastic 
types. Use of these is advantageous 
under some circumstances, such as for 
roof slabs of tunnels and a few other 
similar surfaces; also as a_ breaker 
strip between foundations and walls. 
For the better class of work, however, 
thin copper sheeting is becoming in- 
creasingly accepted as a more substan- 
tial and safer installation. 

Penetrating types of coatings are 
classified as colorless, semi-colorless, 
and opaque penetrants. The colorless 
types are the only ones feasible for 
attractive brick, tile, and stone struc- 
tures for which the exclusion of mois- 
ture is necessary and maintenance of 
the original surface texture and ap- 
pearance is requisite. Since few ma- 
terials can be incorporated in a color- 
less water-repellent, these products 
usually need replacing more often than 
the heavier-bodied types. 

A combination of penetrating and 
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surface type waterproofing materials 
is satisfactory where conditions war- 
rant or allow their use. This is espe- 
cially true on concrete, cast stone and 
stucco surfaces. For stucco surfaces 
where crazing is very pronounced and 
also for cast stone surfaces where the 
deterioration is quite advanced experi- 
ence indicates that a combination of 
a penetrating material and a plastic 
coating, of the oil rather than asphalt 
type, makes a satisfactory moisture- 
tight coating. This is particularly 
true on a stueco surface where the 
movement which has caused the eraz- 
ing of the surface will break any ordi- 
nary paint type of coating because of 
the rigidity of such materials. The 
oil type of plastic coating, if applied 
heavily, has sufficient elasticity to with- 
stand this surface movement. 

The waterproofing industry is look- 
ing forward with a great deal of hope 
to the development of more efficient 
materials, possibly in the plasties line, 
than are presently available. Only this 
year an experimental waterproofing 
job for a large Detroit industrial firm 
was finished, using a resinous material 
developed by one of the leading wa- 
terproofing manufacturers and the en- 
gineers of the industrial firm. While 
this compound was originally planned 
as a material to withstand alkalies, 
acids and solvents, it also proved to be 
very water repellent. 

Another recent discovery of great 
promise is that of the inorganic sili- 
cones. These silicones are being de- 
veloped to produce fluids which will 
withstand extremes of cold and heat 
from —60° F. to 600 or even 900° 
Fahrenheit. Limited quantities of 
these new materials are now available 
commercially. Results of tests on 
masonry indicate that existing water- 
proofing standards may be entirely re- 
vised and that for the first time it may 
be possible to approach moisture prob- 
lems with the thought of using a color- 
less inorganic repellent. 











a— 6th 


Fe 








Vol. 19, No. 5 





TIPS AND'‘QUIPS 





TIPS AND QUIPS 


Lewis Process at Lebanon, Ohio 


In the course of a recent trip through 
southern Ohio, advantage was taken 
of the opportunity to visit the sewage 
treatment plant at Lebanon, which is 
the first and only operating installa- 
tion of the ‘‘Lewis Process.’’ This is 
a proprietary chemical precipitation 
process, for which better results are 
claimed than those normally expected 
from this type of treatment. The 
claims are controversial in at least 
one state in which the process is being 
exploited. 

The sewage at Lebanon, averaging 
about 0.5 to 0.75 m.g.d., is above aver- 
age in strength because of cannery 
wastes. The raw sewage B.O.D. ranges 
from about 250 p.p.m. to more than 
600 p.p.m. 

Operator Fred H. Zimmerman ex- 
tended a cordial welcome at the time of 
our visit and spared no effort in show- 
ing us through the plant and in an- 
swering our many questions. 

After passage through a comminutor 
the incoming sewage is dosed with fer- 
rie chloride (about 1106 lb. per m.g.) 
followed by an 8-minute rapid mix, 
then dosed with lime (about 2,500 to 
3,000 Ib. per m.g.) and Cottrell dust 
(about 400 to 500 lb. per m.g.) at a 
second rapid mixing tank. Ferrous 
sulfate (about 700 lb. per m.g.) is then 
applied at a third tank in which the 
stirring is much slower. The floccula- 
tion occurs at about pH 10. Cottrell 
dust, incidentally, is a fine dust that 
is produced in the course of cement 
manufacture. 

The flocculated sewage is submitted 
to sedimentation, first in a rectangular 
primary unit equipped with sludge 
collectors and affording 1.85 hours de- 
tention at 561,000 m.g.d., then in se- 
ries to an old Imhoff tank. The effluent 
channel of the latter unit is fitted 
with a perforated pipe aeration system 
for providing dissolved oxygen to the 





treated sewage before discharge to the 
stream. 

According to Operator Zimmerman, 
the treatment effects about 70 to 75 
per cent removal of B.O.D. and about 
85 per cent removal of suspended 
solids. These results are in line with 
the findings of the Ohio Department 
of Health, which made a series of ten 
12-hour tests of the plant in 1940. 
The plant effluent, of course, despite 
the 6 to 8 p.p.m. of D.O. introduced 
by channel aeration, is not of suffi- 
ciently good quality to.prevent ob- 
jectionable conditions in the outlet 
stream during low summer flows. 

The process produces a large quan- 
tity of dense, biologically inactive 
sludge, estimated by the Ohio Depart- 
ment of Health on a dry basis at four 
to five times the amount of suspended 
matter normally carried by domestic 
sewage. Facilities for handling and 
disposing of sludge are rather primi- 
tive, comprising only two small sludge 
drying beds and several undrained la- 


‘goons. The only storage is that avail- 


able in the lower part of the Imhoff 
tank. Dewatering of the sludge takes 
place very slowly, even at the conven- 
tional drying beds. 

Operating costs at the Lebanon plant 
are high, with chemical costs alone 
amounting to $25 to $35 per mg. 
The regular operating staff at present 
consists of two men. 

Our reaction after visiting the plant 
was that it is accomplishing about 
what one would expect of chemical 
precipitation but at a chemical cost 
that is well above the average for con- 
ventional chemical precipitation plants. 
Moreover, a sludge dewatering and 
disposal problem remains to be solved 
at the Lebanon plant. 


Something New 


We do not ordinarily give space 
here to new equipment releases by 
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FIGURE 1.—The “Scootruk.” 


manufacturers, but the ‘‘Scootruk’’ 
(Figure 1) appears to be an item which 
might be of particular interest to op- 
erators. 

The Scootruk is described as a mini- 
ature dump truck having a 1-ton Joad 
capacity and capable of travelling 15 
m.p.h. The ‘‘mechanized wheelbar- 
row’’ weighs only 1,000 Ib. and its 
special airplane type tires are said to 
carry it anywhere—even oni loose sand. 
The edge of the load bucket is only 34 
in. above the ground. 

The machine is powered by a 6-h.p. 
air-cooled gasoline engine and _ is 
equipped with 4-speed transmission. 
Steered by the single tail wheel, the 
Seootruk is highly maneuverable. 

It would seem that the Scootruk 
might find excellent application in 
small sewage plants where sludge bed 
cleaning is often carried out as avail- 
able time permits. In larger plants 
it might be an excellent multi-purpose 
vehicle. 

Name of manufacturer will be fur- 
nished on request. 


A Successful Recovery 


Every sewage works superintendent 
has at one time or another been asked 
if he could possibly retrieve a watch, 
a ring or other valuable article that 
was lost to some heartless plumbing 
fixture. Reports of actual recoveries 
of this kind are indeed rare, and the 
Southwest Water Works Journal 
(June, 1947) describes one successful 
effort at New Orleans, La. 

Object of the search was a $3,000 
diamond ring. The procedure used by 
Engineer N. M. Redmond, who super- 
vised the sewer cleaning crew, is set 
forth as follows: 


“Using a hydraulically operated sewer 
cleaning device the work gang placed the 
device in a sewer opening and screened off 
the sewer at the bottom of another open- 
ing with sand bags blocking off the sewer 
bottom. 

“Water pumped with a pressure of 101 
pounds per square foot and channeled 
through the sewer cleaning device forced 
the ring which had lodged in the sewer to 
the bottom of the manhole. There, while 
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the water flowed away, the ring’s progress 
was stopped by the sand bags and it was 
retrieved from the bottom of the manhole.” 


“Clean Waters” Scores 

In its first year the moving picture 
‘‘Clean Waters’’ has been shown 
nearly 3,000 times and has been seen 
by an estimated 157,000 persons. Pro- 
duced by the General Electric Com- 
pany as a medium of public education, 
the film is proving to be a valuable 
tool in the promotion of sewage treat- 
ment projects. 

A recounting of accomplishments of 
‘‘Clean Waters’’ lists its successful use 
in sewage works bond issue campaigns 
at Spokane, Wash., Santa Cruz, Calif., 
Modesto, Calif., Joplin, Mo. and else- 
where. Nineteen state pollution con- 
trol agencies have purchased copies of 
the film for use in their stream sani- 
tation programs. Showings have been 
civen before hundreds of civie bodies 
of all kinds. 

How many times has ‘‘Clean Wa- 
ters’? been shown in your town? Do 
not fail to make use of this valuable 
molder of public opinion, whether or 
not your community is already served 
by a sewage treatment plant! 


Data from Dayton 


An hour is just not long enough to 
constitute a ‘‘visit’’ to a sewage treat- 
ment plant, especially at such an inter- 
esting one as that serving Dayton, 
Ohio. As it was, we encroached a bit 
on Supt. Lloyd C. Huffman’s lunch 
hour, though he did not seem to mind. 

Handling 35 m.g.d. of sewage, the 
plant is somewhat overloaded on the 
basis of accepted criteria, yet it ef- 
fected an average B.O.D. removal of 
87 per cent in 1946 while discharging 
an effluent with a B.O.D. of 27 p.p.m. 
This was done at an operating cost of 
$7.63 per m.g. treated. 

Digestion capacity is now being aug- 
mented by the installation of two 85- 
ft. digesters, to be heated by P.F.T. 
heat exchangers. Further expansion 
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is also needed in primary sedimenta- 
tion, trickling filters and sludge de- 
watering facilities. 

An interesting procedure is used 
here in providing primary treatment 
by Imhoff tanks with supplementary 
separate digesters. The practice is to 
pump the scum from the gas vents of 
the Imhoff tanks (about 60 per cent 
volatile) to the heated separate di- 
gesters. The digested sludge is then 
returned to the lower compartment of 
the Imhoff tanks, whence it is drawn 
to the drying beds. This routine has 
been found to yield the best digested 
sludge from the standpoint of drying 
time. 

Pumping of Imhoff tank scum to the 
separate digesters, incidentally, is ae- 
complished by two Nash ejectors, each 
having a pot capacity of 500 gallons. 
These units have given trouble-free 
service for about 9 years. 

The cluster of twenty 165-ft. trick- 
ling filters at Dayton is quite a sight. 
Loaded at 475 lb. and higher per acre- 
foot per day, these units are giving 
excellent results. Operators of trick- 
ling filters who have experienced 
trouble with the snail shells that are 
often disgorged in quantity will be in- 
terested to know that the problem has 
been solved at Dayton by returning 
the final settling tank sludge to the 
raw sewage channel ahead of the grit 
chambers. The bulk of the shells are 
deposited with the grit, relieving the 
Imhoff tanks and digesters of an un- 
welcome item. 

Industrial and waste crank-case oils 
are believed largely responsible for 
the difficulty at the Dayton plant of 
securing good drying of sludge either 
on the open or glass-covered beds. A 
special tank truck has been equipped 
to collect such waste oils, on a schedule, 
from known sources. The oil is used as 
fuel at the city garbage incinerator. 

Since 1939 a portion of the Dayton 
sludge has been heat dried for sale 
as fertilizer, a 25-ton per day, Nichols- 
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Herreshoff, multiple hearth furnace 
being used for this purpose. Of the 
1947 production, 500 tons have been 
contracted for sale at $11.50 per ton 
and 1,000 tons at $8.50 per ton. 

Few scars remain of the devastating 
gas explosion that occurred at the Im- 
hoff tank pipe gallery in 1938. The 
incident has not been forgotten, how- 
ever, as evidenced by the precautions 
taken to prevent a similar accident. 

The superintendent of the Dayton 
plant has varied responsibilities. In 
addition to the sewage treatment plant, 
Supt. Huffman has under his direction 
about 550 acres of farm land, several 
rental properties, including a fish 
hatchery, and the municipal garbage 
incinerator. Versatile as he is, he found 
it necessary to extend his talents last 
spring when he had to give personal 
attention to the purchase of a bull that 
was needed at one of the farms! 


What? No Effluent? 


John D. MeDonald, engineer of sew- 
age treatment at Springfield, Mass., 
gave an interesting recital of water 
supply and sewage disposal practices 
in Korea at the joint meeting of the 
New England and New York State 
Sewage Works Associations last May. 
Following is his: description of one 
Korean plant: 


“The only large seale sewage treatment 
plant was at Pusan, Korea. There is no 
water-borne sewage in this city of about 
300,000 but the house-to-house collection is 
made by city owned collection wagons and 
the wastes are hauled to the treatment 
plant. At the plant, farmers come and 
take any part of the night soil they want 
as it was delivered, and the remainder is 
sent to the first of a series of four rectangu- 
lar digesters. These covered digesters are 
built on a hillside and terraced so that the 
drawoff from the first unit entered the top 
of the next and so on. No effort was made 
for gas collection. 

“The digested sludge from the fourth 
and last tank is drawn off periodically and 
taken by gravity through a 12-in. east iron 
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pipe for a distance of 4 miles to a sludge 
drying bed near the sea. The underdrains 
from this bed collect all the liquid in a 
concrete tank. Farmers in the neighbor- 
hood take this liquid as desired for their 
gardens, and the remainder is piped a dis- 
tance of 1% mile in a 10-in. concrete pipe 
supported on pillars, aqueduct style, to a 
wharf where barges dock. By opening a 
valve the barges take what they want of 
the sludge bed drainage. 

“The dried sludge is spread on the farms 
each fall and plowed under. At various 
times, the sludge drying beds are by- 
passed and digested sludge is being piped 
directly to the farmers’ barges. The 
sludge looked and smelled like it was well- 


digested.” 


A Handy Tunnel 


Operators are the best critics that 
the consulting engineers have, and 
seldom is an operator reluctant to show 
the parts of his plant that he would 
have built differently. So when we 
read, in Supt. David Backmeyer’s 1946 
report on the Marion, Ind. plant, a 
commendatory remark about a design 
detail, it reminded us of the ‘‘man 
bites dog’? example of what consti- 
tutes news. 

Describing the need for dismantling 
to clean the piping that carries raw 
sludge and ground garbage in the 
Marion plant, Backmeyer states ‘‘We 
are fortunate that this 200-ft. or 6-in. 
pipe is in a tunnel where it can be 
reached for such rodding-out jobs.”’ 
Consoer, Townsend and Associates, de- 
signers of the Marion plant, may take 
a well-earned bow! 

The ground garbage earried in this 
pump suction line is blamed for the 
grease and scale that accumulated on 
the inside. To give an idea of the 
amount of the deposit, the report 
states that 4 lb. of it was removed from 
one 6-in. ell. 


Wordplay 


The ‘‘editorialette’’ opening The 


Operators’ Corner of the March, 1947 
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JOURNAL suggested that the six letters 
of the word ‘‘safety’’ connoted Sane- 
ness, Alertness, Foresight, Equipment, 
Teachings and You (the personal ele- 
ment). Prof. Don E. Bloodgood, in 


the May, 1947 issue of Purdue Uni- 
versity’s Sanitary Engineering News, 
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points out that the same letters can 
represent ‘‘Sense Always Favors 
Every Tender Young’un.”’ 

Put it any way you like, so long 
as you keep in mind that ‘‘Severe Ac- 
cidents Follow Every Thoughtless 
Yokel!’’ 








Editorials 


THE CONCURRENT MEETINGS IN RETROSPECT 


This is a sequel to the pre-convention 
editorial (July issue, page 681), which was 
intended as an analysis of the anticipated 
advantages and disadvantages of the con- 
current AWWA and FSWA annual meet- 
ings at San Francisco, so that those plan- 
ning to attend would have some advance 
idea of the affair. Interest in the outcome 
of the experiment has been widespread, 
justifying further appraisal of the actual 
results. 

By and large, the meetings were indeed 
a suecess, whether considered separately or 
jointly. Since there was no precedent it 
is only natural that some mistakes were 
made, but these were of such nature that 
they all could be corrected another time. 
If the “double feature” is ever repeated 
there will certainly be modifications in reg- 
istration requirements and procedures, and 
in the scheduling of social events, these 
being two details which were responsible 
for some minor complaint. 

The only eriticism that was at all gen- 
eral in its expression was “that there was 
too much going on at one time.” Termed 
the “three-ring circus aspect” in our pre- 
view of the meetings, this factor is not 
readily correctible. It is a major disad- 
vantage of a dual event, whether held as 
joint, coneurrent, combined or consecutive 
meetings. Here is the main argument for 
separate meetings of the two national or- 
ganizations under ordinary circumstances. 
It has previously been emphasized that the 
circumstances leading to the decision on 
the concurrent conferences at San Fran- 
cisco were definitely out of the ordinary. 

Registration data are interesting. The 
total registration for both meetings was 
1,955, including 1,426 men ar’ ~9 ladies. 
Of the men registrants, 311 oeorded 
at the Federation desk, 714 a aWwWA 
desk and 401 registered for both meetings 
as manufacturers’ representatives. Of the 
non-manufacturer registrations, it is con- 
servatively estimated that about 125 were 
duplicated with both associations. On that 
basis the actual combined attendance com- 


prised about 1300 men, of which 30 per 
cent were manufacturers’ representatives. 
The Federation’s registration of 964 was 
the highest ever recorded, but it must be 
admitted that the requirement that all man- 
ufacturers register for both meetings 
greatly favored this total. 

The Presidents’ Reception and Dance 
held on the first evening and the Gala En- 
tertainment held on the second evening of 
the meetings, both of which were joint 
social events, were eminently successful 
from every standpoint. The ladies’ tea 
and fashion show, tour and luncheon-bridge 
events, also arranged as joint functions, 
were likewise highly successful, although 
the attendance of the tea and of the lunch- 
eon-bridge was only about half of that 
anticipated. 

The technical program featured by the 
Federation ‘in Polk Hall was certainly one 
of the best to date, and has elicited much 
favorable comment. Attendance of these 
sessions was very good, comparing quite 
favorably with AWWA sessions being held 
simultaneously. 

At least one commentator has noted an 
opinion that “the AWWA activities over- 
shadowed the conference . . .”—a conelu- 
sion with which the writer does not agree 
except with respect to one event. This ex- 
ception—the Annual Federation Dinner— 
was the unfortunate buffer in the overfull 
schedule of evening social events. Held 
on the evening preceding the AWWA din- 
ner, only 254 tickets were sold in the face 
of plans for a sellout of 600. The event 
was distinctly successful as conducted by 
President Friel, however, despite the dis- 
appointing attendance. 

As expected, the exhibit arranged by the 
WSWMA was the most comprehensive 
showing of water and sewage works equip- 
ment and supplies in history. Only a 
dual meeting could have attracted the num- 
ber and caliber of exhibits that were dis- 
played. 

Mention must be made of the fine work 
of the various convention arrangement 
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committees, all of which were required to 
solve unusual complications inherent to 
the conduct of two meetings at once. The 
arrangements for transportation, housing, 
general entertainment, ladies’ entertain- 
ment, meeting room details, ete., all were 
handled admirably by joint committees, 
without the benefit of precedent experi- 
ence. California hospitality also eontrib- 
uted measurably to the success of both 
meetings. 

The concurrent meetings experiment 
was unquestionably worth while, and both 
AWWA and the Federation were indis- 
putably served better by the arrangement 
than would have been the case if an at- 
tempt had been made to hold the two 1947 
conferences separately in California, only 
three months apart. The experience 


THE JOB 


The magnitude of the needs of the na- 
tion in municipal sewage collection and 
treatment facilities is strikingly disclosed in 
the results of the latest survey by the U. S. 
Public Health Service. More than 80,000 
miles of sewers, 12,000 new sewage treat- 
ment plants and extensions to 1,200 existing 
plants must be built in order to fulfill 
present sanitation requirements. Complete 
sewage works are needed in 9,100 com- 
munities. 

The cost of these facilities is estimated 
at 3.7 billion dollars, of which $360,509,000 
or 9 per cent of the total is represented in 
projects that are ready for immediate con- 
struction. An additional $908,048,000, or 
24 per cent of the total, is currently in 
various stages of planning. 

Meanwhile, the F. W. Dodge Corpora- 
tion reports a sharp gain in public works 
construction in the face of a general slack- 
ening in the building industry. Some of 
the excess costs resulting from material 
shortages, low labor productivity, abnor- 
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proved conclusively that the two national 
bodies, although quite different in their 
organizational structures, were able to 
adapt themselves to the joint undertaking. 
Major credit for this is due AWWA Sec- 
retary Harry Jordan, who strived inces- 
santly to avoid possibility of the Federa- 
tion’s being overwhelmed by the larger 
water works group. 

The San Francisco trial has shown that 
the AWWA and the Federation can com- 
bine their annual meetings successfully if 
future circumstances ever indicate such an 
arrangement to be more desirable than 
separate meetings. It is believed, however, 
that the frequency of these dual efforts 
should not be greater than once in eight or 
ten years. 


AT HAND 


mal overtime and bonus wages, ete., are 
beginning to disappear. In short, the 
buyers’ market in construction is on the 
way back. 

Let us not forget, however, that the real 
job starts when the contractor has finished. 
The new sewers and treatment plants will 
not render the intended service without 
competen’ operation, and the training of 
the thousands of operators who will be 
needed represents a substantial challenge. 

The Federation and its regional units 
have their work cut out. We must inten- 
sify our research efforts so that the utmost 
in efficiency and economy may be realized 
in the new works. We must also continue 
the constant. search for improved and 
simplified operation techniques, while em- 
phasizing the basic training of those now 
engaged in plant operation. The opera- 
tors of today who have demonstrated their 
competence must be counted on to teach 
the operators of tomorrow. 








Proceedings of Member Associations 





FLORIDA SEWAGE WORKS ASSOCIATION 


5th Annual Meeting 
Gainesville, Florida, June 9-14, 1947 


The Fifth Annual Meeting of the 
Florida Sewage Works Association 
was held on the University of Florida 
campus at Gainesville on June 9-14, 
1947. The meeting was a part of the 
Fifteenth Annual Florida Short 
Course on Water Supply and Sewage 
Treatment, of which the Florida Sew- 
age Works Association is a _ joint 
sponsor with the Florida Section of 
AWWA, the Florida State Board of 
Health and the Florida Water and 
Sewage Works Operators Association. 

The principle underlying the devel- 
opment of the short course program is 
to train the operator to do a better job 
by instructing him in standard meth- 
ods and giving him actual practice in 
laboratory procedure. The sponsor- 
ing organizations have established a 
committee charged with the responsi- 
bility of developing not only the an- 
nual short course and conference but 
also other methods of making training 
available to operators throughout the 
year. 

An interesting description of the 
experimental pilot plant constructed 
by the Industrial and Engineering 
Experiment Station at the University 
of Florida was given by Prof. D. L. 
Emerson, and was followed by an in- 
spection trip through the plant. 

J. R. Hoy and E. K. Phelps, both 
representing the Wallace and Tiernan 
Company in Florida, conducted dem- 
onstrations on the installation, mainte- 
nance and operation of various types 
of chlorinators. 

C. F. Garland of the Bureau of 
Sanitary Engineering, Florida State 
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Board of Health, presented an interest- 
ing discussion on elementary arith- 
metic of sewage treatment. 

James Adams of the Solvay Process 
Company, Syracuse, N. Y., conducted 
a demonstration on the handling of 
chlorine cylinders and on_ related 
safety procedures. 

Wilson TT. Calaway, assistant in 
sanitary research in the College of 
Engineering at the University of 
Florida, and S. W. Wells, Bureau of 
Sanitary Engineering of the Florida 
State Board of Health, presented an 
interesting paper on ‘‘ Water and Sew- 
age Bacteriology.”’ 

The Federation was well represented 
at this meeting by President F. S. 
Friel and Vice-President George S. 
Russell, both of whom participated in 
the program. Mr. Friel made an ad- 
dress on ‘‘Publie Relations,’’ stressing 
the importance of activity at the local 
level. Mr. Russell spoke on the topic 
‘“‘Sewage Works Nomenclature,’’ in 
which he emphasized the proper usage 
of terms that are commonly misused. 

At the annual business meeting of 
the Florida Sewage Works Association, 
held in the Hotel Thomas at Gaines- 
ville, action was taken to authorize 
Federation Director David B. Lee to 
invite the Federation to Florida for its 
1951 or 1952 annual convention. 

By recommendation of the Executive 
Committee, Prof. Earle B. Phelps, 
formerly of Columbia University and 
now at the University of Florida, was 
elected the first Honorary Member of 
the Florida Sewage Works Associa- 
tion. 
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Albert L. MeGregor of Boca Raton 
was elected President of the Associa- 
tion for 1947-48; J. R. Hoy, Jackson- 
ville, was elected Vice-President and 
Chesley F. Garland, Jacksonville, was 
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elected Secretary-Treasurer. B. F. 
Borden was elected FSWA Director 
for a three-year term expiring in 1950. 


C. F. GARLAND, 
Secretary-Treasurer 


MARYLAND-DELAWARE WATER AND 
SEWERAGE ASSOCIATION 


20th Annual Conference 
Washington, D. C., May 15-16, 1947 


The Twentieth Annual Conference 
of the Maryland-Delaware Water and 
Sewerage Association was held at the 
Hotel Hamilton in Washington, D. C., 
on May 15-16. Registration totaled 
195 members and guests. 

The program started with an ad- 
dress of weleome by Harold A. Kemp, 
Director of Sanitary Engineering of 
the District of Columbia. Informa- 
tive papers on sewage works topics 
presented in the technical sessions of 
the meeting included: 

‘‘Tmprovements in Water Supply 
and Sewage Treatment at Annapolis 
and Frederick’’ by Roy Ritter, Part- 
ner, Whitman, Requardt and Associ- 
ates, Consulting Engineers, Baltimore. 

‘‘A Program for the Elimination of 
Cross Connections and Plumbing. De- 
fects’’ by William H. Cary, Director 
of the Public Health Engineering 
Bureau of the D. C. Health Depart- 
ment. 

‘Institutional Sewage Treatment’’ 
by Graham Walton, Sanitary Engineer 
of the Federal Bureau of Prisons. 

‘‘Chlorine Supply for the Future”’ 
by C. M. Holt, Manager of Chlorine 
Sales of the Diamond Alkali Works. 

“‘Treatmeni of Linoleum Wastes’’ 
by W. Y. Irwin, Development Depart- 
ment, Congcleum-Nairn, Ine., Cedar- 
hurst, Md. 

“Sewage Disposal Systems’’ by R. 
VanDerwerker, Sr., Sanitary Engi- 
neer, Federal Public Housing Admin- 
istration. 

‘‘Sludge Digestion and Operating 
Troubles’? by P. D. McNamee and J. 


E. Rice, Chemist and Assistant Chem- 
ist, respectively, of the D. C. sewage 
treatment plant. 

A general open forum for plant 
operators concluded the technical pro- 
oram. 

At the business meeting a resolution 
was passed supporting the Interstate 
Commission on the Potomac River 
Basin’s request for funds from the 
Federal Government. 

Dr. John C. Geyer announced that 
Clarence E. Keefer of the Bureau of 
Sewers, Baltimore City, had _ been 
selected to receive the Federation’s 
1947 Kenneth Allen Award for ‘‘out- 
standing service in the sewage works 
field, as related particularly to the 
problems and activities of the Mary- 
land-Delaware Water and Sewerage 
Association.’’ 

FSWA President F. 8. Friel spoke 
at the business meeting on ‘‘ The Grow- 
ing Federation,’’ reporting on recent 
accomplishments, the current program, 
and future plans of the international 
organization. 

Officers elected to serve during 
1947-48 were: 


President: J. W. Engle, Washington, 
wD. ©. 

First Vice-President: R. C. Willson, 
Hagerstown, Md. 

Second Vice-President: A. A. Bailey, 
Baltimore, Md. 

Secretary-Treasurer: E. Virginia Gipe, 
Baltimore, Md. 


EK. VIRGINIA GIPE, 
Secretary-Treasurer 
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MICHIGAN SEWAGE WORKS ASSOCIATION 


22nd Annual Conference 


Jackson, Michigan, May 14-16, 1947 


The 22nd Annual Conference of the 
Michigan Sewage Works Association 
- was held at Jackson on May 14-16, 
1947. A total of 178 members and 
guests were registered. The short 
course school for operators, held in 
previous years in conjunction with the 
conference, was deferred this year until 
June 2. The school will be expanded 
from the usual two days to a six weeks’ 
period of instruction and laboratory 
practice comprised of six related 
courses, each of one week duration. 

The conference was opened with an 
address of welcome delivered by Clar- 
ence H. Elliott, city manager of Jack- 
son. President R. A. Greene, acting 
superintendent of the Jackson sewage 
treatment plant, presided at the tech- 
nical sessions which were of particular 
interest to sewage plant personnel. 
The May 14 session began with a panel 
discussion led by C. T. Mudgett, su- 
perintendent of sewage treatment at 
Muskegon, which covered various as- 
pects of plant maintenance. R. D. 
Thayer, president of the R. D. Thayer 
Company of Detroit, talked on mois- 
ture control in concrete masonry 
maintenance; Michael A. Groen, su- 
perintendent of sewage treatment at 
Dearborn, discussed maintenance of 
equipment; and N. G. Damoose, di- 
rector of public service at Battle 
Creek, explained an effective system 
of records and reports for use in sew- 
age treatment plants. Other papers 
presented in the opening session were : 
“‘Carbide Lime Slurry for Sludge 
Conditioning’’ by Harold M. Leon- 
hard, chemist of the Wayne County 
sewage disposal system, and ‘‘Chlori- 
nation of Sewage’’ by O. E. McGuire, 
sanitary engineer of the Michigan De- 
partment of Health. 

The May 15 session opened with a 
round table discussion on the ‘‘ Opera- 


tion and Control of Sludge Digestion 
Facilities’’ led by C. P. Witcher, super- 
intendent of sewage treatment at 
Ann Arbor. Viewpoints on chemical 
and biological activities, sludge diges- 
tion, capacity, effect of temperature 
and stage digestion were presented, 
prompting an active debate on these 
and related matters. Two topics pre- 
sented of interest to consulting engi- 
neers and municipal officials, as indi- 
eated by their comments, were: 
‘‘Engineering Planning of Sewage 
Collection and Treatment Works’’ 
presented by Earnest Boyce, professor 
of municipal and sanitary engineering 
at the University of Michigan, and 
discussed by Walter Drury, consult- 
ing engineer with Shoecraft, Drury & 
MeNamee, and ‘‘The Financing of 
Sewer Systems and Sewage Treatment 
Plants’’ by Leonard Howell, city man- 
ager of Port Huron, and discussed by 
George Liddle, city manager of Muske- 
gon. ‘‘The Operation and Mainte- 
nance of a Small Activated Sludge 
Plant’’ was presented by Leonard 
Hillis, superintendent of sewage treat- 
ment at the Caro State Hospital in 
Caro, Michigan, and discussed by R. 
A. Greene. 

The program for the third day was 
devoted entirely to subjects dealing 
with industrial waste treatment and 
disposal. J. E. Cooper, chief. Water 
and Wastes Laboratory, Ford Motor 
Company at Detroit, was program 
chairman for the day. The following 
papers were presented : 


‘‘Introduction to the Industrial 
Waste Problem’’ by E. F. Eldridge, 
Research Associate of the Engineering 
Experiment Station, Michigan State 
College at East Lansing. 

‘“‘The State’s Attitude’’ by Milton 
P. Adams, executive secretary and 
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engineer of the Michigan Stream Con- 
trol Commission at Lansing. 

‘‘Municipal Regulations for Control 
of Sewer Usage by Industry’’ by 
Clyde L. Palmer, senior associate engi- 
neer in the sanitary division of the 
city engineering department in De- 
troit, with discussion by L. A. Danse, 
supervisor of material and processes of 
the General Motors Corporation, De- 
troit. 

‘‘An Industry Initiates a Waste 
Disposal Program’’ by J. E. Cooper, 
chief, Water and Wastes Laboratory 
of the Ford Motor Company. 

‘*Determination of the Type and De- 
gree of Treatment Required for an In- 
dustrial Waste’’ by Philip F. Morgan, 
-ngineer in charge of the Kalamazoo 
Project, National Council for Stream 
Improvement of the Pulp, Paper and 
Paperboard Industries. 

‘‘Treatment of Cyanide Wastes by 
Chlorination’? by John G. Dobson, 
Wallace and Tiernan Company, Ni- 
agara Falls, N. Y., with discussion by 
Dr. A. S. Hazzard, director of the In- 
stitute for Fisheries Research, Depart- 
ment of Conservation in Ann Arbor. 

‘Reducing Pollution Caused by 
Milk Waste’’ by A. J. Steffen, sani- 
tary engineer of the Research and 
Technical Department of Wilson and 
Company, Chicago, II. 

‘‘Use of Lagoons for the Disposal 
of Cannery Wastes’’ by T. F. Wis- 
niewski, senior assistant sanitary engi- 
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neer of the Wisconsin Department of 
Health. 


The annual smoker and dinner was 
attended by 88 members and guests. 
John M. Hepler, director of the Bu- 
reau of Engineering of the Michigan 
Department of Health, gave a colorful 
talk, illustrated with colored slides, on 


observations in Puerto Rico, where he 


has lectured the past two years at the 
School of Tropical Medicine. Two 
motion pictures were presented by the 
Michigan Department of Conserva- 
tion. 

Merrill Graham, executive secretary 
of the Greater Jackson Association, 
gave an interesting and inspiring talk 
on the resources of Michigan at 
the annual association banquet. The 
Water and Sewage Works Manufactur- 
ers’ Association provided highly suc- 
cessful club room entertainment dur- 
ing the conference. 

At the business meeting the follow- 
ing officers were elected for the ensuing 
year: 

President: T. J. Powers, Midland 
Vice-President: A. T. Kunze, Detroit 
Secretary-Treasurer: D. M. Pieree, 

Lansing 

Directors: M. A. Groen, Dearborn 
Earnest Boyce, Ann Arbor 
R. A. Greene, Jackson 

FSWA Director: W. F. Shephard 


D. M. PIERCE, 
Secretary-Treasurer 


MONTANA SEWAGE WORKS ASSOCIATION 


3rd Annual Meeting 
. Havre, Montana, April 23-24, 1947 


The Third Annual Meeting of the 
Montana Sewage Works Association 
was held in Havre on April 23-24, 
1947. 

Kenneth Chrysler, Chairman of the 
Montana Sewage Works Association, 
presided at the opening session. Di- 
rector J. M. Schmit and Secretary- 


Treasurer H. B. Foote presented their 
annual reports, following which there 
was a showing of the motion picture, 
‘‘Clean Waters,’’ by courtesy of the 
General Electric Company. 

The technical session opened with 
a discussion on ‘‘The Design and Con- 
struction of Sanitary Sewer Systems,’’ 
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led by Kurt Wiel of Miles City. F. F. 
Palmer, Forsyth, discussed grades and 
sewer sizes; C. W. Eyer, Glendive, 
talked on minimum coverage; H. B. 
Foote, Helena, discussed location and 
inspection of sewers; J. M. Schmit, 
Lewistown, reported on multiple uses 
of sewers; Kenneth Chrysler, Billings, 
covered the subject of jointing ma- 
terials; Ed Henen, Great Falls, dis- 
eussed manholes, lampholes, and flush 
tanks ; W. Swearingen, Missoula, talked 
on the financing of sewer construction ; 
and John W. Hall, Fort Shaw, con- 
cluded with a general discussion and 
summary. 

W. R. LaDue gave an address en- 
titled ‘‘The AWWA Policy with Ref- 
erence to Stream Pollution Legisla- 
tion.’? W. M. Cobleigh led a discus- 
sion devoted to sewage works planning 
for various Montana towns and cities. 

Sewage treatment plant operation 
reports were given by Joseph Wright 
of Lewistown and Keith Winebrenner 
of Kalispell. 

Chairman Kenneth Chrysler _pre- 
sided at the business session. Officers 
elected to serve during 1947-48 were: 
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Chairman: Keith Winebrenner, Kali- 
spell 

Vice-Chairman: F. F. Palmer, Forsyth 

Secretary-Treasurer: H. B. Foote, 
Helena 

FSWA Director: Kenneth Chrysler, 
Billings 

Trustees: F. E. Brandis, Chinook and 
Joseph Wright, Lewistown 


The incoming chairman was _in- 
structed to appoint a committee of 
five to work with the State Board of 
Health during the coming year in an 
attempt to establish standard practices 
of design, construction and manage- 
ment of sanitary sewer systems in Mon- 
tana. 

W. M. Cobleigh, Dean Emeritus, 
School of Engineering of State College 
at Bozeman, was nominated to receive 
the Federation’s Kenneth Allen Award, 
in recognition of his leadership in the 
organization of the Montana Sewage 
Works Association, and his many years 
of professional activity in the state in 
connection with sewage and industrial 
wastes disposal. 

H. B. Foore, 
Secretary-Treasurer 


NEW YORK STATE SEWAGE WORKS ASSOCIATION 
NEW ENGLAND SEWAGE WORKS ASSOCIATION 


3rd Joint Meeting 
Albany, New York, May 26-27, 1947 


The third joint meeting of the New 
York State Sewage Works Association 
and the New England Sewage Works 
Association was held at the Hotel Ten 
Eyck in Albany on May 26-27, 1947. 
Registration totaled 303 members and 
guests. From the standpoint of both 
the technical sessions and the enter- 
tainment program the meeting achieved 
notable success. 

The technical program included the 
following papers and discussions: 


‘Uy, S. Army in the Far East’’ by 
John D. McDonald, sewage treatment 
plant engineer at Springfield, Mass. 


“Sludge Drying with Roto-Louvre 
Dryers’’ by Morton Goldstein, eastern 
manager of the Dryer Division, Link 
Belt Company, Philadelphia. 

‘Experiences in the Thickening and 
Drying of Sludge’’ by Thomas R. Kom- 
line president of Komline-Sanderson 
Engineering Corporation, Ridgewood, 
N. J. 

‘Current Developments in Sewage 
and Industrial Wastes Treatment’’ by 
Francis S. Friel, FSWA President. 

‘*A Problem of Disposal of Wastes 
from Plating Metal Parts Used in the 
Manufacture of Aircraft Engines’’ by 
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Stuart E. Coburn, Metcalf and Eddy, 
Engineers, Boston, Mass. 

‘‘Rederal and State Legislation for 
Stream Pollution Control’’ by Morris 
Cohn, sanitary engineer of Schenec- 
tady, N. Y. 

A symposium on ‘‘Maintenance of 
Digestion Tanks’’ was led by Joseph 
Doman, sanitary engineer of Green- 
wich, Conn. 

A second symposium on ‘‘Sewer 
Maintenance Problems’’ was led by 
Harry Fitts, engineer of the sewer 
maintenance bureau, Borough of 
Queens, N. Y. 

“‘Use of Transite Pipe’’ by A. J. 
Maahs, Transite Pipe Department, 
Johns-Manville, New York. 

‘‘Orangeburg—The Root-proof 
Pipe’’ by Robert D. Ellis, research 
engineer of -the Fibre Conduit Com- 
pany, Orangeburg, N. Y. 

‘‘Effects of Industrial Wastes’’ by 
Richard Hazen, consulting engineer of 
Maleolm Pirnie Engineers, New York. 

‘*Technical Papers—Their Prepara- 
tion and Presentation’’ by George E. 
Symons, associate editor of Water and 
Sewage Works, New York. 

‘‘Operator Salaries’? by Thomas R. 
Camp, of Camp, Dresser and McKee, 
Consulting Engineers, Boston, Mass. 

At the luncheon meeting on May 
26, the NYSSWA Rating Award was 
presented by William Denise, Chair- 
man, to John W. Eagleson, operator 
of the Great Neck Sewer District, for 
the best report on plant operation. 
William Edwards, operator of the Go- 
wanda State Hospital sewage treat- 
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ment plant, received the Rating Award 
for his report on the Gowanda Hos- 
pital plant. 

FSWA President Francis 8. Friel 
presented to John W. McDonald the 
Federation’s George Bradley Gas- 
coigne Award for the year 1945. Pres- 
entation of this award had been de- 
layed because of Mr. McDonald’s 
absence in military service. Mr. Friel 
also read a citation announcing the 
nominations of Wellington Donaldson 
of the NYSSWA and of Stuart E. 
Coburn of the NESWA for the Fed- 
eration’s 1947 Kenneth Allen Award. 

At the dinner meeting Secretary A. 
F. Dappert of the NYSSWA pre- 
sented to previous winners the awards 
which were earned but which could 
not be presented during the war years 
because of the inability to procure 
cups and plaques. These included 
Rating Awards to William Edwards, 
Gowanda State Hospital, and Harry 
Monsell, Greenport; Kenneth Allen 
Memorial plaques to Thomas M. Rid- 
dick, H. O. Johnson, Lloyd B. Setter, 
Gail P. Edwards, Harry W. Gehm, 
Rolf Eliassen and H. B. Schulhoff. 

Entertainment features included a 
ladies’ luncheon followed by a bridge 
party and tour of the State Museum, 
a club room hour by courtesy of the 
Water and Sewage Works Manufactur- 
ers Association, and a show, ‘‘ House 
of Magic,’’ presented in Chancellor’s 
Hall by the General Electric Company. 


A. F.. DAPPERT, 
Secretary-Treasurer 


PACIFIC NORTHWEST SEWAGE WORKS ASSOCIATION 


1947 Annual Meeting 
Victoria, B. C., Canada, May 14, 1947 


The 1947 Annual Meeting of the 
Pacific Northwest Sewage Works As- 
sociation was held at the Empress 
Hotel in Victoria, Canada, on May 14, 
1947. Registration totaled 120 mem- 
bers and guests. 


The conference was formally opened 
with an address of weleome by Percy 
E. George, Mayor of Victoria. C. M. 
Howard presided at the technical ses- 
sion which followed. 

First on the program was a forum 
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on ‘‘The Status of Water Pollution 
Control in the Pacific Northwest.’’ H. 
C. Clare, director of the Division of 
Public Health Engineering of the 
State Department of Health in Boise, 
Idaho, discussed water pollution con- 
trol in Idaho. He stressed the fact 
that legislative control over pollution 
of surface or ground water that may 
be caused by domestic sewage wastes 
is inadequate. Legislation and central- 
ized control are imperative. Curtiss 
M. Everts, Jr., state sanitary engineer 
of the Oregon State Board of Health, 
listed the factors involved in determin- 
ing the required degree of sewage and 
waste treatment. He discussed briefly 
those fundamental factors which must 
be taken into consideration in the de- 
velopment of a reasonable program of 
stream purification for Oregon. Ham- 
ilton R. Johnson, chief engineer of the 
State Pollution Control Commission at 
Olympia, Wastl.., covered the status 
of pollution control in that state, em- 
phasizing the development of a pro- 
gram for the utilization of pulp and 
paper mill wastes. He pointed out how 
industry is making considerable prog- 
ress in this direction in Washington. 
Emil C. Jensen, chief of the Division 
of Public Health Engineering at 
Seattle, Wash., explained the status 
of sewage pollution control in the state 
of Washington. He told how the state 
has had the greatest year of sewage 
works planning ever experienced, but 
construction has not kept pace with 
the rate of planning. 

The morning program continued with 
a panel discussion on ‘‘Sewer Sys- 
tems.’’ Harry Sisler, consulting en- 
gineer at Kirkland, Wash., discussed 
hydraulic design and the main factors 
involved in the general design of sewer 
systems, emphasizing the importance 
of complete topographical information 
and of the engineer’s general know]l- 
edge of sewer systems. Sewer design 
was discussed by George R. Hammond, 
General Engineering Company, Seattle, 
Wash. Mr. Hammond illustrated the 
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effects of velocity, shape and type of 
pipe and loading, and described the 
probable loading conditions on sewer 
pipe with emphasis on the need of 
control during construction. These 
papers were discussed by Loren 
Thompson of Portland, Ore., and Fred 
C. Steward of Vancouver, B. C. 

William P. McNamara, city engineer 
of Seattle, Wash., gave an interesting 
paper on sewer pipe jointing, describ- 
ing the development and use of a pipe 
jointing machine that has proved very 
suecessful. 

At the noon luncheon, W. H. Wisely, 
executive secretary of the Federation 
of Sewage Works Associations, spoke 
on ‘‘Publie Relations at the Local 
Level,’’ stressing the importance of 
public relations from the sewage plant 
operator’s standpoint and using illus- 
trations from his own actual experience 
as an operator. 

At the afternoon session, Prof. R. G. 
Tyler of the University of Washing- 
ton at Seattle presided. 

‘‘Sewer System of the City of Van- 
eouver, B. C.’’ was presented by J. C. 
Oliver, assistant engineer of the city 
of Vancouver. Mr. Oliver described 
the problems that have arisen with the 
inereased population in Vancouver and 
stressed the need for good planning 
in these days of rapid growth in the 
Pacific Northwest. 

Carl E. Green, consulting engineer, 
Portland, Ore., presented a paper “‘ Ef- 
fect of Industrial Wastes on the De- 
sign, Construction and Operation of 
Sewage Works.’’ Mr. Green empha- 
sized the need for cooperation between 
industry, municipality and state in ar- 
riving at solutions to waste disposal 
problems. Without complete coopera- 
tion, he pointed out, it is seldom pos- 
sible to develop an adequate system 
to handle industrial wastes, illustrat- 
ing his point by reciting the history 
of a project at Puyallup, Wash. 

‘‘Bactors Involved in Determining 
the Degree of Treatment Required’’ 
was thoroughly covered by Curtiss M. 
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Everts and Kenneth H. Spies of the 
Division of Sanitary Engineering, 
Oregon State Board of Health. Funda- 
mental factors which must be taken 
into consideration in the development 
of a reasonable program of stream 
sanitation were brought out. The au- 
thors stated that the damages caused 
by the great amount of pollution to 
domestic water supplies, fisheries, rec- 
reation, industry, navigation, agricul- 
ture and property values exceed 
$100,000,000 annually. 

At the Annual Dinner, Dr. Adolph 
Weinzirl, Professor of Public Health 
at the University of Oregon Medical 
School, related in interesting fashion 
the history and progress in medicine 
and sanitation since ancient times, giv- 
ing due credit to the work of the 
regional units of the Federation of 
Sewage Works Associations in the 
elimination of stream pollution. 

Robert E. Leaver, member of the 
special investigation committee on 
ozone treatment of sewage, reported 
on the West Kelso plant built by 
‘‘“Amozone of Oregon.’’ He stated 
that this plant has not ben abandoned 
as has been rumored. There seems to 
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be more confidence than ever on the 
part of the builders that the plant 
will be successful. Extensive redesign 
of the plant has taken place and new 
features are now being installed. Mr. 
Leaver stated also that at this time 
there seems to be no reason whatever 
to modify the conclusions or recom- 
mendations of the committee as they 
were made last year and approved 
by the association, but it is apparent 
that definite conclusions can be reached 
about the success or failure of the 
plant before the end of this summer. 

At the business meeting the follow- 
ing officers were elected to serve dur- 


ing the year of 1947-48: 


President: H. C. Clare, Boise, Idaho 

First Vice-President: K. H. Spies, 
Portland, Ore. 

Second Vice-President: Kmil C. Jensen, 
Seattle, Wash. 

Secretary-Treasurer: Wm. P. Hughes, 
Lewiston, Idaho 

FSWA _ Director: C. M. Howard, 
Seattle, Wash. 


Wo. P. HuaHEs, 


Secretary-Treasurer 


WEST VIRGINIA SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


Organization Meeting 
Charleston, W. Va., June 20, 1947 


The West Virginia Sewage and In- 
dustrial Wastes Association, organized 
at Charleston, W. Va., on June 20, 
1947, became the 31st unit of the Fed- 
eration when the Board of Control met 
at San Francisco in July. The new 
association enrolled a charter member- 
ship of 59 from the group of 66 engi- 
neers and chemists who registered at 
the organization meeting. About half 
of the charter members are representa- 
tives of industry. 

Groundwork toward creation of the 


new association was earried on under 
the leadership of J. B. Harrington, 
state sanitary engineer of West Vir- 
ginia, assisted by K. 8. Watson, chemi- 
cal engineer of the State Water Com- 
mission. These preliminary functions 
included drafting of a tentative con- 
stitution and by-laws, arrangements 
for the Charleston meeting and issu- 
ance of invitations to interested per- 
sons in the state. 

W. D. Moses, chemical engineer, E. 
I. DuPont de Nemours and Co., served 
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as temporary chairman in conducting 
the organization meeting. The session 
was opened by H. K. Gidley and R. 
G. McCall, sanitary engineers in the 
state department of health, who dis- 
eussed the stream pollution problem 
in West Virginia and reported on the 
status of sewage and industrial waste 
treatment in the state. An address 
‘““The Aims and Accomplishments of 
the Federation of Sewage Works As- 
sociations’’ was then presented by 
Francis §S. Friel, President of the in- 
ternational organization, in which Mr. 
Friel described the varied activities 
of the Federation and cited the 
progress being made in achieving its 
objectives. The formal program was 
concluded by W. H. Wisely, FSWA 
Executive Secretary and Editor, who 
spoke on ‘‘An Activity Program for a 
Regional Sewage Works Association.”’ 
Emphasis was placed in these remarks 
on the value of special technical com- 
mittees, a periodical association news- 
letter, public relations functions, train- 
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ing and licensing of operators, etc., all 
as commendable activities. 

The tentative constitution and by- 
laws was reviewed in detail and, 
after some modification, was formally 
adopted. Upon recommendation by a 
special nominating committee the foi- 
lowing officers were elected: President 
—Kyle L. Bruce, Bluefield; First 
Vice-President—P. D. Simmons, Weir- 
ton; Second Vice-President—J. E. 
Sexton, Charleston; Secretary-Treas- 
urer—R. G. McCall, Charleston; 
FSWA _ Director—K. S. Watson, 
Charleston. 

The Executive Committee was au- 
thorized to select the place and date of 
the first annual meeting of the asso- 
ciation, and to act on an invitation ex- 
tended by the West Virginia Section 
of AWWA for the sewage works group 
to meet at Bluefield on October 1, 
1947, the day preceding the AWWA 
section annual meeting. 

The meeting was concluded _ by 
showing of the moving picture ‘‘Clean 
Waters.’’ 


MEMBER ASSOCIATION MEETINGS 


Association 


West Virginia Sewage and Industrial 
Wastes Assn. 


Ohio Conference on Sewage Treatment 

Canadian Institute on Sewage and 
Sanitation 

Iowa Sewage Works Assn. 

Arizona Sewage Works Assn. 

Virginia Industrial Wastes and Sewage 
Works Association 


Missouri Water and Sewage Conf. 


North Carolina Sewage Works Assn. 


Place Time 
West Virginia Hotel, Oct. 1-2 
Bluefield, W. Va. 
Deshler-Wallick Hotel, Oct. 2-3 
Columbus, Ohio 
General Brock Hotel, Oct. 6-8 
Niagara Falls, Ont., Canada 
Hotel Montrose, Oct. 9-10 


Cedar Rapids, Iowa 


El Tovar Hotel, Oct. 9-11 
Grand Canyon, Ariz. 

Nansemond Hotel, Oct. 16-17 
Ocean View, Va. 

Governor Hotel, Oct. 27-28 
Jefferson City, Mo. 

Sedgefield Inn, Nov. 10-12 


Greensboro, N. C. 
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Federation Affairs 


THE TWENTIETH ANNUAL MEETING 


Favored by exceptionally fine weather 
and exceptional hospitality, both typical of 
the reputation of the state of California, 
the 20th Annual Meeting of the Federation 
held at San Francisco on July 21-24, 1947 
was a gratifying success. The meeting 
was held concurrently with the 67th An- 
nual Conference of the American Water 
Works Association and in conjunction 
with the 19th Annual Meeting of the Cali- 
fornia Sewage Works Association, and 
brought a notable array of firsts to the 964 
registrants—the first annual meeting west 
of Chicago; the first annual meeting held 
coneurrently with an organization other 
than a member association; the first annual 
meeting having joint technical sessions 
with the national water works group; the 
first annual meeting to be favored by more 
than a hundred exhibitors. In a real and 
satisfying way the 20th Annual Meeting 
brought the Federation to the West Coast 
and, conversely, brought to the West Coast 
a more intimate understanding of the Fed- 
eration. 

The total registration of 964 consider- 
ably exceeded the previous record attend- 
ance of 812 at Toronto in 1946. It is sig- 
nificant, however, that the 712 men 
registrants included 401 manufacturers’ 
representatives who were required to reg- 
ister for both the FSWA and AWWA 
meetings. The 964 figure also includes 252 
ladies’ registrations. 

A geographical breakdown of the 409 
registrations handled directly at the Fed- 
eration desk reveals that 242 were regis- 
tered from California, 80 from states west 
of the Mississippi other than California, 
83 from states east of the Mississippi, and 
4 foreign. 

The spacious Civic Auditorium was of 
ample size to permit the simultaneous ses- 
sions of both groups, without interference 
of any kind. Located between the two 
convention halls, the huge Arena afforded 
an ideal setting for the 110 exhibiting 
members of the Water and Sewage Works 
Manufacturers Association. Truly the 
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greatest display of water and sewage 
works equipment ever assembled, the color- 
ful and interesting exhibits overflowed the 
main Arena area and nearly filled the adja- 
eent corridors. Fully two-thirds of the ex- 
hibits represented equipment or services of 
interest to sewage works technicians. There 
was no lack of opportunity to examine the 
latest developments in equipment and to 
discuss associated problems with informed 
manufacturers’ representatives. 

Acting as host to the Federation, San 
Francisco members of the California Sew- 
age Works Association did an exceptional 
job in handling the preparations for the 
meeting. Special credit is due the Joint 
Local Arrangements‘: Committee, in which 
the Federation was represented by Blair 
I. Burnson as co-chairman, with C. C. 
Kennedy, George White, Harold L. May, 
Gilbert T. Bowman and J. H. Peterson, 
which committee so effectively paved the 
way for the smooth and efficient operation 
of the conference. The work of the Joint 
Housing Committee also deserves special 
praise. Under the direction of Nelson 
Eckart this committee did a remarkable 
job in handling hotel reservations and in 
placement of members in the fifteen hotels. 
Very few reservations went astray and, as 
far as could be determined, rooms were lo- 
eated for all with courtesy and dispatch. 

Preconvention registration opened Mon- 
day, July 21, and many took advantage of 
this opportunity to register early. The 
20th Annual Meeting was convened at 9:00 
A.M. on Tuesday, July 22, by President 
Francis §. Friel. In his opening remarks, 
President Friel briefly reviewed Federa- 
tion progress during his tenure of office 
and reviewed the problems and opportuni- 
ties facing the Federation in the immedi- 
ate future. Following presentation of a 
short summary report by the Executive 
Secretary, President Friel introduced 
President-elect George S. Russell and pre- 
sented S. C. Martin, who recently joined 
the Federation headquarters staff as execu- 
tive assistant. 


ineering Library: 
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Technical Programs 


Highlighted by two joint sessions with 
the American Water Works Association, 
the technical program developed by the 
Publications Committee was outstanding. 
The program was generally slanted toward 
the problems of the western states, al- 
though there was no lack of papers on sub- 
jects of broad interest. Attendance of the 
technical sessions was particularly good, 
and many commendatory remarks were 
heard concerning the over-all excellence of 
the program. 

The abbreviated Tuesday morning ses- 
sion offered papers on the sewage collec- 
tion and treatment problem at San Fran- 
cisco, by Clyde C. Kennedy, and on the 
project at Portland, Ore., which was de- 
livered by H. Loren Thompson. Ralph G. 
Wadsworth and A. M. Rawn were the re- 
spective discussers. 

Tuesday afternoon devoted to a 
joint session with AWWA in the form of 
a symposium on ground water pollution. 
Papers on basic legal concepts (A. P. 
Black), ground water production works 
(Maleolm Pirnie and R. W. Sawyer), 
ground water pollution control legislation 
(B. E. Doll) and pollution limit standards 
(R. F. Goudey) were included. The lat- 


was 


ter two papers were discussed by Frank 
Stead. The session was held in Larkin 
Hall with AWWA as host and _ with 


AWWA President Wendell R. LaDue pre- 
siding. It was one of the highlights of 
the meeting. 

Vice-President George S. Russell pre- 
sided at the Wednesday morning session, 
which opened with a paper describing 
natural purification characteristics of a 
shallow turbulent stream, presented by F. 
W. Kittrell and discussed by George E. 
Symons. The remainder of the period was 
given to three industrial waste topics: a 
paper on the influence of waste disposal 
practices on industrial operating costs by 
William J. O’Connell and discussed by 
Herbert C. Davis; a moving picture and re- 
view of cannery waste treatment and dis- 
posal methods by L. F. Warrick and dis- 
eussed by C. W. Klassen; and a report of 
the activities of the Special Committee on 
Industrial Wastes of the California Sew- 
age Works Association by W. T. Knowl- 
ton, chairman of the committee. High in- 


terest and good attendance were noted in 
this session. 
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The technical highlight of the entire 
meeting was probably the Wednesday 
afternoon joint session at which AWWA 
was the guest of the Federation in Polk 
Hall. The theme of the symposium was 
“Reclamation of Sewage Effluents,” a 
topie on which the limited literature here- 
tofore no doubt accounted largely for the 
size and response of the audience. With 
President Friel presiding, an informative 
series of papers was presented including 
a review of past practice in the industrial 
usage of sewage effluents, by N. T. Veatch 
and discussed by Earnest Boyce; a de- 
tailed report by Abel Wolman on the 
reclamation of Baltimore sewage works 
effluent for industrial purposes, discussed 
by Ray F. Goudey; an authoritative study 
of agricultural uses of treated sewage by 


L. V. Wileox, discussed by Dario Tra- 
vaini; and a comprehensive analysis by 


S. T. Powell of pollution limits for water 
used in industry. 

Thursday morning featured the annual 
Operators’ Forum, arranged and conducted 
by Frederick G. Nelson for the California 
Sewage Works Association. The hydro- 
gen sulfide control problem at Long Beach, 
Calif., was reviewed in a paper presented 
by D. R. Kennedy and discussed by Ewald 
Lemcke. The always pertinent topic of 
sewer maintenance was covered by Don C. 
Davis and A. Segel. Of considerable in- 
terest was the paper by Reuben F. Brown 
on salaries schedules for sewage works 
operation personnel, discussed by Morris 
M. Cohn. <A popular part of all Federa- 
tion meetings, the Forum is usually no- 
table for the open discussion that is en- 
couraged. The size and arrangement of 
Polk Hall, however, was not conducive to 
the informal atmosphere that is desirable 
for a program of this kind, and audience 
participation was somewhat disappointing. 

The closing technical session, presided 
over by Charles Gilman Hyde, comprised 
an outstanding group of three papers on 
the B.O.D. determination. Professor Har- 
old B. Gotaas discussed the influence of 
temperature on the rate and degree of 
ultimate demand; Prof. W. F. Langelier 
and David H. Caldwell described research 
on the monometric measurement of B.O.D.; 
and Prof. R. G. Tyler reported experience 
in the application of the B.O.D. determina- 
tion to the analysis of sulfite waste 
liquors. 
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Entertainment Events 


The highly successful social program 
was opened with a reception and dance on 
Monday evening, a joint AWWA and 
FSWA function. An estimated 700 per- 
sons took advantage of this occasion to be 
greeted by the national officers and to en- 
joy the entertainment and dancing in the 
Colonial Ball Room of the St. Francis 
Hotel. A troupe of Hawaiian entertainers 
featured native music and dances, catching 
the faney of the audience in spite of a 
largely unsuccessful attempt to educate a 
group of officials in the intricacies of the 
danee for which Hawaii is most famous. 

The Gala Entertainment on Tuesday 
evening was also a joint venture. The 
program was presented in the Exhibit 
Arena of the Civie Auditorium, with more 
than 1,500 persons in attendance. Audi- 
ence response to the 214-hour program of 
select vaudeville entertainment bespoke the 
successfulness of the event. 

On Wednesday evening was held the an- 
nual Federation inner and Dance, in the 
Colonial Room of the St. Francis. De- 
spite the disappointing attendance of only 
254, an excellent dinner and smoothly 
conducted program under President Friel’s 
direction made the event a highlight. The 
feature of the occasion was the announce- 
ment and presentation by President Friel 
of the annual Federation awards. Group 
singing and a series of beautifully done 
spirituals by a young baritone singer 
rounded out the dinner hour, after which 
there was dancing. 


Ladies’ Entertainment 


More than 500 ladies enjoyed the delight- 
ful program of entertainment provided by 
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the Joint Ladies’ Entertainment Com- 
mittee, which functioned so well under the 
direction of Mrs. Nelson Eckart. The 
Tuesday tea and Chinese fashion show 
pleased all of the ladies, the stunning col- 
lection of Chinese gowns furnished by the 
renowned Gumps’ of San Francisco and 
Honolulu having particular appeal. An 
all-inclusive sightseeing tour of San Fran- 
cisco’s points of interest oceupied most 
of Wednesday afternoon. The Thursday 
afternoon luncheon-bridge party, in the 
beautiful Tonga Room of the exclusive 
Fairmont Hotel high atop Nob Hill, con- 
cluded the series of special events provided 
for the ladies. 


Convention Attendance Award 


As usual, the Central States Sewage 
Works Association won the annual Con- 
vention Attendance Award, its 24 regis- 
trants having aggregated 41,000 miles of 
travel in attending the meeting. This 
latest triumph retires the second award 
trophy to the permanent possession of the 
CSSWA. 


California Business Luncheon 


The California Sewage Works Associa- 
tion held its annual business luncheon at 
the Whitcomb Hotel on Thursday, with 90 
members and guests present. Federation 
President Friel and Executive Secretary 
Wisely spoke briefly to the group. Offi- 
cers elected by the Association for 1947 
were: President—Harold L. May, Palo 
Alto; 1st Vice-President—Ray L. Derby, 
Los Angeles; 2nd Vice-President—R. R. 
Ribal, Oakland; Secretary-Treasurer—uL. 
H. Cook, Menlo Park. 


BOARD OF CONTROL MEETS AT SAN FRANCISCO ON 
JULY 21 AND 24, 1947 


Several items of important business 
were given attention by the 1947 FSWA 
Board of Control in special sessions held 
before and following the San Francisco 
convention. These sessions, held on July 
21 and July 24 at the St. Francis Hotel, 
would ordinarily have constituted the an- 
nual meeting of the Board. A provision 
in the By-laws, however, specifies that the 
annual meeting shall be held in October, 


and action was taken to schedule the 1947 
annual business meeting of the Board for 
Philadelphia on October 10. 

All business normally considered at the 
annual meeting of the Board was consid- 
ered at the July sessions, actions on all 
matters pertinent to future operations be- 
ing in the form of recommendations to the 
1948 Board. Some of the more impor- 
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tant matters given attention are summa- 
rized briefly in the following paragraphs. 


Secretary’s Report 


The report of the Executive Secretary, 
covering all details of management and 
administration of the Federation for the 
9-month period ended on June 30, 1947, 
was approved by the Board. The affilia- 
tion of new Member Associations in Ken- 
tucky-Tennessee, Virginia, Puerto Rico 
and West Virginia was reported to have 
increased the number of Federation units 
to 32 associations, having an aggregate 
membership on June 30 of 3,998 Active 
and Corporate members. Reference was 
also made to current organizational ac- 
tivity in Alabama, Louisiana and Brazil. 

Financial progress of the Federation 
was exemplified by a tabulation of net 
worth values in recent years. An increase 
in net worth from $3,075.78 on December 
31, 1940, to $35,058.15 on December 31, 
1946, was shown. 


Standard Methods Agreement 
Authorized 


One of the most important matters con- 
sidered by the Board was a proposed agree- 
ment providing for the publication of fu- 
ture editions of the book Standard Methods 
for the Examination of Water and Sewage 
jointly by APHA, AWWA and the Fed- 
eration. The agreement was approved, 
culminating several years of effort toward 
the recognition of the Federation as a 
participating publisher of the bcok. 


Research Project Initiated 


Chairman W. D. Hatfield of the Com- 
mittee on Standard Methods of Sewage 
and Industrial Wastes reported to the 
Board that the Federation had been allo- 
eated a Federal grant of $33,830 to 
finance a comprehensive research project 
on analytical methods. The grant was 
made by the U. S. Public Health Service 
through the National Institute of Health. 
Various parts of the project will be 
une taken in the established laboratories 
at svutgers University, the Wisconsin State 
Laboratory of Hygiene, Mellon Institute, 
the Illinois State Water Survey, the New 
York State Division of Laboratories and 
Research, and a sixth yet to be selected. 
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The Board considered the mechanics of 
the project, and adopted a resolution plac- 
ing its administration and management 
under the Committee on Standard Meth- 
ods of Sewage and Industrial Wastes. The 
funds, however, will be disbursed through 
the headquarters office. 


Reorganization Proposal Dropped 


The General Policy Committee, acting on 
a directive from the Board sessions at To- 
ronto, reported on its consideration of a 
proposal that the Federation be reorgan- 
ized into a national association with re- 
gional sections. Such reorganization was 
not recommended by the Committee at this 
time and it was urged that future action 
along these lines should be taken only if a 
canvass of the membership indicates a de- 
mand for it to exist. 

President Friel polled the members of 
the Board for personal opinions in the 
matter, and almost unanimous opposition 
to any reorganization was expressed. 


Operators’ Salaries to be Studied 


A directive was extended to the existing 
Committee on Operators’ Qualifications to 
expand its functions to include the study 
of salary schedules in use for sewage works 
operation personnel, and to develop recom- 
mendations relating to desirable levels of 
compensation for such personnel. The 
committee will be titled henceforth as the 
Committee on Operators’ Salaries and 
Qualifications. 


Industrial Wastes Forum Authorized 


Upon recommendation of the Committee 
on Industrial Wastes, the Board acted to 
authorize inclusion in the program of fu- 
ture annual meetings a special Industrial 
Wastes Forum to be devoted to open dis- 
cussion of industrial wastes problems, and 
to be reported for subsequent publication 
in the JournaL. Other plans of the com- 
mittee pertaining to promotion of mem- 
bership and of services to industrial wastes 
technicians, were approved. 


1947 Awards 


The Board acted to approve the follow- 
ing 1947 Federation awards: 


The Harrison Prescott Eddy Medal, for 
outstanding research, to Richard Pomeroy 
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and Fred Drexel Bowlus for their paper 
“Progress Report on Sulfide Control Re- 
search” (THIS JOURNAL, 18, 4, 597; July, 
1946). 

The George Bradley Gascoigne Medal, 
for an outstanding contribution in sewage 
works operation, to Leon S. Kraus, for his 
paper “Digested Sludge—An Aid to the 
Activated Sludge Process” (THis JOURNAL, 
18, 6, 1099; November, 1946). 

The Charles Alvin Emerson Medal, for 
extraordinary service to the Federation, to 
Langdon Pearse “in recognition of his 
outstanding contributions over many years 
to the art of sewage treatment and to the 
practical application of sanitary science 
to important engineering works; and in 
appreciation of his service and loyalty to 
the Federation as exemplified by his edi- 
torship of Modern Sewage Disposal, the 
Tenth Anniversary Book of the Federation, 
and by his services in the production of 
Manual of Sewage Works Practice No. 2.” 

The Kenneth Allen Awards, for out- 
standing service to Member Associations 
of the Federation, to William T. Knowl- 
ton (California), Floyd W. Pinney 
(Dakota), Gilbert R. Frith (Georgia), 
Clarence Edward Keefer (Maryland-Dela- 
ware), Stuart E. Coburn (New England), 
Wellington Donaldson (New York), Henry 
J. Dareey (Oklahoma), Carroll H. Coberly 
(Rocky Mountain), William Storrie (Ca- 
nadian Institute) and William Merriam 
Cobleigh (Montana). 

A decision was reached that the Eddy, 
Gaseoigne and Emerson medals will be 
produced in the permanent form of spe- 
cially designed medallions to be mounted 
with appropriately engraved nameplates 
on a wood display plaque. When avail- 
able, these plaques are to be granted to all 
past recipients of the above awards, as 
well as to future recipients. 


Legislation Opposed 


A resolution was adopted in opposition 
to the passage by the 80th Congress of 
H.R. 3215, a measure which proposes to 
revise the organization of the medical 
services of the Army and Navy. The leg- 
islation was deemed undesirable because 
it subordinated non-medical technical per- 
sonnel, made possible the misapplication 
of such personnel and would result in loss 
of professional identity. 
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Quarter-Century Club Grows 


The admission of three new members to 
the Quarter-Century Operators Club was 
reported to the Board by Frank Wood- 
bury Jones, chairman of the club’s admin- 
istrative committee. The new members 
are E. Sherman Chase of Boston, Earl 
Devendorf of Albany, N. Y., and Arnold 
H. Goodman of Chicago. A total of 30 
members are now included in the club 
roster. 

The Executive Secretary was instructed 
to develop a suitable membership certifi- 
eate for distribution to current and new 
members of the club. 


New Associate Members 


Five new Associate Members were ad- 
mitted to the Federation by Board action, 
as follows: Walker Process Equipment, 
Ine., the Eastern Sewage Disposal Co.; the 
Sidu Company, the Albert Pipe Supply 
Co., and the Geo. H. Werfelman Co. 
These admissions increase the total mem- 
bership in this classification to 75. 


Future Meeting Places Confirmed 


The Board confirmed the designation by 
the Meeting Place. Committee of Detroit 
and Boston, respectively, as the sites of 
the 1948 and 1949 annual conventions of 
the Federation. Tentative approval was 
given the recommendation of Denver as 
the 1950 meeting place, subject to a sur- 
vey of hotel facilities there. 

Invitations for meetings subsequent to 
1950 to be held at New York City, Miami, 
Fla., and Washington, D. C., were re- 
ceived. 


Membership Contests Continued 


Noting the high level of interest in the 
membership contests which have been 
sponsored during the past several years, 
the Board authorized their continuance for 
the year 1947-48. Two prizes of $100 
each will be offered, one to the Member 
Association recording the greatest numeri- 
cal increase and the other to the associa- 
tion showing the greatest percentage in- 
crease in membership for the year ending 
in September 30, 1948. 


1947-48 Officers 


In a session held on July 21, 1947, the 
Election Committee elected the following 
officers for the periods indicated: Presi- 
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dent—George S. Russell of St. Louis, Mo., 
Vice-President—V. M. Ehlers of Austin, 
Texas, Treasurer—W. W. DeBerard of 
Chicago (all for the year of October, 1947 
to October, 1948), and Director-at-Large— 
Don E. Bloodgood of Lafayette, Ind. (for 
a three-year period beginning in October, 
1947). 
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For two-year appointments beginning 
January 1, 1948 the Board recommended 
W. H. Wisely for the combined office of 
Executive Secretary-Editor and Dr. F. W. 
Mohlman for the position of Advisory 
Editor. These appointments are subject 


to confirmation by the 1948 Board on Oc- 
tober 10, 1947. 











Reviews and Abstracts 





Edited by 


H. GLaDys Swope * 


Allegheny County Sanitary Authority, 
4501 Center Avenue, Pittsburgh 13, Pa. 


West Middlesex Main Drainage—Ten 
Years’ Operation. By C. B. TowNEND. 
Journal Inst. Civil Engineers, 27, 351- 
414 (February, 1947). 

This paper on operation supplements the 
paper of D. M. Watson on the design and 
construction of the West Middlesex main 
drainage (J. Inst. C. E., 5, 433, April, 
1937). 

The project serves 15 local authorities, 
covering 162.36 sq. mi. with a population 
exceeding 1,200,000. The plant has been 
in full operation since May, 1936. All the 
28 works serving the individual districts 
have been closed down. 

The present minimum monthly average 
flow is about 60 (Imp.) mg.d. or 72 
(U.S.) m.g.d. or 60 g.p.c.p.d. U.S. The 
local sewers are on a separate or partially 
separate basis but the total rate has sel- 
dom exceeded 288 (Imp.) g.p.c.p.d. The 
sewer capacity is 600 (Imp.) m.g.d. The 
highest rate of flow was 455 (Imp.) m.g.d. 
Local sewers receive about 7 per cent of 
the runoff. Most of the area served is 
within 2 hr. concentration period. 

Overflows are rare. 97 per cent of the 
flow has received full treatment; 3 per 
cent sedimentation for 2 hours. 

The larger sewers have a vitrified brick 
lining and show no wear. Infiltration into 
the main sewers does not exist. Perforated 
manhole covers have been unsatisfactory 
on 75 per cent of the system. Inverted 
siphons have been flushed weekly. There 
are about 130 connections to local sewers, 
with adequate water-cushions and reduc- 
tion of velocity. The twelve 6-ft. effluent 
outfalls pass under the Thames River and 
terminate vertically upward with a mini- 


mum velocity of 0.25 f.p.s. They are 
flushed out twice a year, one at a time. 
There are practically no deposits in the 
sewers, with a minimum velocity of 2 f.p.s. 
The sewer maintenance on 70 mi. in 1938- 
1939 cost £5,230 (about $20,920). This is 
done with specially organized gangs, oper- 
ating with motor trucks. 

The Mogden plant is the largest com- 
plete plant outside the U. S. The site in- 
cludes 100 acres, cf which 45 acres are now 
used by the works. The general basis of 
design (cf. Watson supra) proved con- 
servative. The plant has handled 1,200,000 
population and additional trade waste. 

The sewage contains a_ considerable 
amount of organic industrial wastes from 
breweries, yeast-works and other food 
products. For the last 4 yr. the 5-day 
B.O.D. per capita per day has averaged 
0.16 lb. with a maximum month of 0.19 Ib. 

The sereenings are macerated. The grit- 
chambers operate at 1 f.p.s. producing 
about 5 cu. yd. per day of sandy maierial 
(97.5 per cent fixed). 

Sedimentation in dry weather (about 6 
hr.) reduces the suspended solids about 80 
per cent—from 300-350 p.p.m. in the raw 
sewage to 60 or 70 p.p.m. in the secondary 
tank effluent. For the 10 yr. period, the 
average reduction was 71 per cent, from 
238 to 69 p.p.m. of suspended solids; and 
of 5 day B.O.D. 44 per cent, from 307 to 
172 p.p.m. The erude sludge contains 75 
to 80 per cent organic matter. At the 
maximum rate of flow (120 Imp. gal. p.e. 
p.d.) the sedimentation pericd is 2% hr. 
(primary 50 min., secondary 100 min.). 
The settling tanks also receive the return 
sludge which adds about 120 p.p.m. sus- 
pended solids to the sewage flow. 


* It will be appreciated if Miss Swope is furnished all periodicals, bulletins, special reports, 
ete., which might be suitable for abstracting in THIS JoURNAL. Publications of public health 
departments, stream pollution control agencies, research organizations and educational institu- 


tions are particularly desired. 
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In 1936, for 10 months following June, 
the effluent of the activated sludge plant 
contained 6 p.p.m. 5 day B.O.D. and 21.9 
p.p.m. nitrate, with 1.24 eu. ft. air per 
Imp. gal. (1.03 eu. ft. per U. S. gal.) or 
788 cu. ft. per lb. of B.O.D. removed. 
Thereafter the nitrification was not carried 
so far; during 10 years the nitrates were 
15.3 p.p.m. with an air consumption of 
1.16 cu. ft. per Imp. gal. (0.97 eu. ft. per 
U.S. gal.) or 711 cu. ft. per lb. of B.O.D. 
removed. 

The operating data are summarized as 


follows for 1936 to 1946: 
TABLE I.—Sewage Flows 








| Imperial | 


| 
Sewage Flows M.G.D MoD 
| 
| 
| 





| 
} 
| 
} 
| 


Dry Weather—1936 40 48 
Dry Weather—1946 58 69.6 
Maximum Flow 455 546 
Average Flow Received 62.4 | 74.9 
Average Flow Treated by 

Act. Sl. 60.59 | 72.7 
Average Flow Treated by | 

Sed. Only 1.89 | 2.27 








TABLE II.—Activated Sludge Plant Data 








j 
| ; 
} Rtienc Detention 
Item [Bp ess Period 
Hours 
| 
| 





9.99 | 6.60 
1.36 | 0.90 


| ce 


Aeration Units in Use 
Reaeration Units on Sludge 











Total | 11.35 | 7.50 
Air Supply, Cu. Ft. per Min........ 48.950 
Air per Sq. Ft. Aeration Tank Sur- 

fans, <u. 26. per Man... .......... 0.165 
Asr per Imp; Gal., Cu. Ft.......... 1.16 
Air per U.S. Gal, Cu. Ft.......... 0.97 
Air per Lb. B.O.D. Removed, Cu. Ft. 711 
H.P. per Million, (Imp.) G.P.D..... 34 
H.P. per Million, (U.S.) G.P.D...... 28.3 
H.P. Hr. per Lb. B.O.D. Removed. . 0.47 
Volume of Return Sludge, Per Cent 

DURMUNS DES Sse oo os ore isto n=" 33.0 
Suspended Solids in Mixed Liquor, 

a” ee ee 2360 
Surplus Sludge, (Imp.) M.G.D...... 0.92 
Surplus Sludge, (U.S.) M.G.D....... 1.10 
Surplus Sludge, Per Cent of Sewage 

eee aie ia aa e's) «.¥:0'9.0% 1.5 
Surplus Sludge, Per Cent Solids..... 0.81 


The air varied from 1.02 to 1.28 eu. ft. per 
Imp. gal. This includes all air used in 
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various auxiliary channels and elsewhere. 
The suspended solids varied from 1,760 to 
2,880 p.p.m.; and the return sludge varied 
from 29.8 to 37.3 per cent. A high return 
of sludge appears desirable. The normal 
volume of sludge in the aeration tanks is 
15 per cent. From the surplus sludge, up 
to 50 per cent of clear supernatant liquid 
can be removed after 1 hr. settlement. 

Mogden has an ample supply of gas for 
power purposes. Nitrification insures 
a comparatively uniformly dense sludge, 
freedom from bulking and a large re- 
duction in the volume of the surplus ae- 
tivated sludge. It also provides a greater 
capacity to earry overloads. 

The overall capacity of the aeration 
plant is normally 8 hr., based on the total 
tankage. Re-aeration has been practiced 
continuously, to maintain the sludge in 
good condition, to furnish a reserve for 
handling adverse discharges of industrial 
waste; and for storage. 

On oceasion in dry weather final effluent 
is returned to the influent end of the sedi- 
mentation tanks. 

No clogging has occurred on the upper 
surface of diffuser plates except in the in- 
fluent channel and near the inlet end of 
each aeration tank. However the plates 
in the reaeration units do not remain so 
free. A small amount of soot passes 
through the air filters and deposits on the 
underside of the plates, without seriously 
affecting the plate capacity. Rust however 
has accumulated in tke east iron plate 
boxes, partly from the supply pipes and 
partly from the boxes. After 3 yr. oper- 
ation, chokage began to oceur. The dif- 
fuser boxes were dismantled. The plates 
were reconditioned in a furnace at 800° to 
900° C. The boxes were sandblasted and 
sprayed with zine. The initial pressure 
was virtually restored. The original pres- 
sure rose from about 7 lb. per sq. in. to 
8.4 lb. in 1941 and 8.6 lb. in 1942 and was 
reduced to 7.1 lb. in 1945. 

By the enabling act, purification is re- 
quired to a standard imposing a limit of 
20 p.p.m. B.O.D. and 30 p.p.m. suspended 
solids for all flows up to a rate of 120 
(Imp.) gal. per cap. per day. Thereafter 
all surplus storm water must be given 
sedimentation in tanks containing not less 
thn 10 gal. per capita. This requires a 
mpiimum of 2 hr. settlement for storm 
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TABLE II.—Analytical Results in P.P.M. 
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Determination Raw Sewage Settled Sewage siudce eivent —— _ 
Oxygen absorption* 80.1 46.5 11.3 
Amm. nitrogen 38.0 39.6 15.3 
Alb. nitrogen 8.1 4.6 0.85 
Nitrous N 2.9 
Nitric N 12.4 
Chloride (as Cl) 103 103 99 
B.O.D. 5 days @ 18.3° C. 307 172 8.3 97.3 
Susp. solids | 238 69 7.0 97.1 














* Oxygen absorption from acid KMn0O,, 4 hr. 


water when the total sewage flow reaches 
240 g.p.e.p.d. In short storms the im- 
pounded water is later returned for full 


treatment. In prolonged storms it goes to 
the river. 
The plant effluent enters the River 


Thames near the head of the tidal prism. 
The average flow of fresh water from 
above is normally about 1,200 (Imp.) 
m.g.d., with a summer flow of about 400 
(Imp.) m.g.d. In 1944, for the same 6 
weeks the flow dropped to 60 (Imp.) 
m.g.d., and on one day to 28 (Imp.) m.g.d. 
No trouble resulted. 

Sludge digestion is first practiced at 
Mogden for 25 days; then the sludge is 
pumped 7 miles to Perry Oaks for final 
digestion and air drying. The capacities 
of the two plants are: 


at 26.7° C. 


Gas production has averaged 460 mil. cu. 
ft. per yr., with an average yield of 1.11 
cu. ft. per cap. per day. The gas produc- 
tion is also 10 eu. ft. per lb. of organic 
matter in the raw sludge. The tempera- 
ture in the gas holder tanks is 82.5° F.; 
in the fixed roof tanks 79.5° F. The daily 
loading per cu. ft. of capacity is: 














| Solide Organic and 

| Dry Solids Volatil 

| = 
Gasholder tanks 0.14 | 0.12 
Primary total 0.10 0.08 





Loss of organic matter in raw sludge is 
46.5 per cent at Mogden plus 5 per cent 
at Perry Oaks, making a total of 51.5 per 








Capacity Imp. Gal. | Cu. Ft. Per Cap. | 








Plant | Units | Type 
Mogden | 10,375,000 | 1.4 12 | Heated 
Perry Oaks 15,600,000 2.2 10 Unheated 
| 25,000,000 | 3.1 | Lagoons 
The side depth of all tanks is 32 ft. cent. The raw sludge contains 75.8 per 


Forty per cent of the gas is produced dur- 
ing the first 24 hr. The sludge first enters 
8 tanks with gas holder covers; after 17.3 
days it passes to 4 tanks with fixed roofs 
and stirring mechanisms, where it remains 
for 7.1 days and is then pumped to Perry 
Oaks for secondary digestion of about 
37.5 days. The total digestion period is 
about 62 days. In the winter the drying 
beds are loaded up, adding 15 (Imp.) 
m.g. capacity. Thus the total digestion 
volume at Mogden and Perry Oaks is 6.7 
cu. ft. per cap. plus the drying beds (at 
2.2 eu. ft. per cap.) making a total of 8.9 
cu. ft. per cap. 


cent of dry solids as organic matter ana 
96 per cent water content. 

The gas is composed of 68 per cent 
methane and 31 per cent carbon dioxide, 
with 680 B.T.U. per cu. ft. Ninety-five per 
cent of the output is used in the works for 
power, k~at and operating vehicles. In 10 
years the cost of 11,500,000 Imp. gal. of 
fuel oil for such purposes would have been 
£387,000 (about $1,548,000). 

The gas holders contain about 5 hr. pro- 
duction. Tests indicate that after 9 years 
mild steel is more suitable than a copper 
bearing steel in such holders. 

In 1945, inspection of the heating coils 
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in the sludge digestion tanks began, as 
their efficiency had declined. After clean- 
ing, the original efficiency was restored. 

Sludge pumping is carried out for 12 
hr. per day with a velocity of 1.87 f.p.s. 
in the 12 in. main. The total head is 142 
ft., of which 65 ft. is static, leaving 77 ft. 
for friction or 11 ft. per mile or about 1.4 
times the friction loss for water. No 
change has occurred since 1936. Inspec- 
tion shows no internal deposits. The 
pumps are horizontal two-cylinder, double- 
acting reciprocating type. 

Sludge drying beds have been enlarged 
from 50 to 72 acres, providing 2.7 sq. ft. 
per cap. The beds are 18 in. thick, graded 
from coarse gravel to a 4 in. layer of fine 
sand. The depth of sludge applied ranges 
from 12 to 18 inches. This dries to a cake 
3 to 4% in. thick containing about 50 per 
cent moisture. The annual output of 
about 60,000 cu. yd. (40,000 tons) is 
lifted by an average of 10 men working 6 
months. Since 1940, the entire output has 
been sold to farmers for about £6,000 per 
annum (about $24,000) or approximately 
40¢ per cu. yd. 


TABLE IV.—Power Station—Average 
1938 to 1946 














| Genera- Turbo- 
tors blowers 
Number of Engines | 
Gas operated (550 
B.H.P.) 3 | 5 
Oil operated (650 | 

B.H.P.) Lj l 

Annual output 
Kilowatt Hr. 5,092,000 | 
Compressed Air, Mil. 

Cu. Ft. 26,600 
Engine Hr. | 18,198 | 34,465 
Average B.H.P. at En- | 

gine Coupling 403 | 534 
Average Total Output | 

Kilowatt 581 

B.H.P. 2,099 
Maximum total output 

Kilowatt 910 

BE.P. 2,280 
Gas Cu. Ft. per B.H.P. 

Hr. 17.9 16.3 

Cu. Ft. per Kilowatt 

Hr. 26.1 
Thermal Efficiency 23.3 25.7 
Load Factors: Per Cent 

Station 38.7 63.6 
Demand 63.8 92.0 
Running °* 74.8 97.1 











oo 
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the power requirements of the works 
aré about 26 million B.H.P. hr. per year 
of!which 70 per cent is for compressing 
air and 15 per cent for operating the dry 
weather sewage pumps on the low level 
area. The sludge gas has been used since 
1936 without purification. The mainte- 
nance of the engines is greater with gas as 
fuel than for oil, by reason of the higher 
exhaust temperature. Changing to oil 
ignition is expected to reduce maintenance. 








Items Pounds | Dollars 





Operating Costs 36,514 | 146,056 








Gas (Equiv. Value) 21,990 | 87,960 
Net (Out of Pocket) 14,524 | 56,096 
Miscellaneous Charges, 
Additional: 

Administration 2,296 9,184 

Loan 12,199 | 48,796 

Rates and Taxes 2,865 | 11,460 
Gross Overall Cost 53,874 | 215,496 

Less Credit Heat to Di- 

gestion Plant 6,725 | 26,900 
Net Overall Cost 47,149 | 188,596 











This net overall cost is 0.462 pence per 
B.H.P. hr. at engine coupling or 0.77 cents 
(12 pence = 20 cents). 

In 1942 twelve motor vehicles (ranging 
from a ear to a 5 ton truck) were equipped 
to run on compressed methane. The ex- 
cess methane was used in making incen- 
diary bombs. 

Dry weather sewage pumps are electri- 
eally driven, automatically controlled, with 
an overall efficiency of 64 per cent (pump 
efficiency 70.3 per cent). Storm water is 
handled by Diesel engine pumps, which 
have each averaged under 100 hr. running 
per year. On a peak flow 5 engines (out 
of 6) may start within 30 minutes. 

The construction cost of the Mogden- 
Perry Oaks works was £2,105,325; the 
main sewerage system and pumping sta- 
tions £3,304,345; demolition of abandoned 
works £108,927. <A total of £5,518,597 or 
about $22,074,388. The price level was 
that of 1932 to 1935. The money was bor- 
rowed as a 30 year loan on an annual re- 
payment basis of 5.32 per cent (including 
interest and sinking fund). 

The operating costs for the year 1938-39 
are summarized in pounds (1 pound 


= $4.00) : 





ee ae er ee 


— we ee 
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Operat- Loan Total 


Item ing Charges 





Sewage Treatment | 50,601 | 38,201 | 88,802 
Sludge Disposal 12,370 | 18,240 | 30,610 
Unallocated 10,912 | 25,480 | 36,392 
Total Treatment 73,883 | 81,921 | 155,804 
Reserve Land, Plant, 














Housing, ete. 1,001 | 16,427 | 17,428 
Total Works Cost 74,884 | 98,348 | 173,232 
Credits 17,619 
Net Total ’ 155,613 





(Note by Langdon Pearse. This net 
should be further reduced by £6,725 be- 
cause no money passed for heating sludge 
digestion tanks.) 

The net total annual cost per capita is 
32.47 pence or $0.54 of which the operat- 
ing cost was $0.31. The cost of treating 
the dry weather flow was 5 pounds 5 
shillings 9 pence or $21.15 per m.g. (Imp.). 
With the cost of sludge disposal and un- 
allocated works expenditure the cost is in- 
creased to $33.45 per m.g. (Imp.). 

The rates of pay ranged from 1s. 444d. 
($0.275) per hr. for a laborer to 1s. 10d. 
($0.37) per hour for a skilled filter or 
building trades worker. At present the 
costs have not risen materially; wages 
have inereased nearly 50 per cent but the 
works are understaffed. 

In 1939 the working staff of 258 in- 
cluded : 








Mog-| Perry | Sew- | Gen- 
den | Oaks | ers | eral 

















Administration 30 
Works Manager 
Shift Engineers (P.S.) 
Foremen 
Plant Operators 
Miscellaneous Trades 


= bo 
Hm DO & Oe 
tb 


Truck Drivers 4 
Laborers 58 | 35 

Miscellaneous 12 2 5 
Sewermen 16 





161 | 41 | 26 30 














Of the Mogden total of 161, operational 
duties absorb 51, of whom 38 were shift 
workers. Mechanical and electrical main- 
tenance required 33. Building trades ac- 
count for 23 men. Sixteen men were em- 
ployed on landscaping and maintenance. 
On the site are fifty workmen’s houses 
which have to be maintained. 
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Much of the discussion commended the 
design, construction and operation of the 
works. F. P. Cleff indicated that salvage 
of brewery waste produced 2 tons of edible 
protein per week. C. W. Steedman noted 
that a vitrified brick lining in a sewer sub- 
ject to a velocity between 12 and 25 f.p.s. 
showed no wear. C. D. C. Braine indicated 
the value of the storage (about 35 mg. 
(Imp.)) in the West Middlesex sewer sys- 
tem or about 18 hr. of dry weather flow. 
In 1930 most towns used water at the rate 
of 30 Imp. gal. per capita per day. In 
1940 this increased to 40 Imp. g.p.e.p.d. 
and maybe in 1950 it will be 50 Imp. gal. 
per capita. 

In closing the author indicated that ven- 
tilation of sewers is a matter of compro- 
mise. The industrial load as of 1939 was 
equivalent to between 300,000 and 400,000, 
rising to a maximum month of over 
500,000. At West Middlesex a close con- 
trol is kept on industrial wastes, so that a 
charge can be made based on cost per 
thousand gal. for treatment, plus charge 
for impurity load on activated sludge and 
cost per ton of solids. In general no 
trouble had been experienced with septicity 
in the sewers. The longest period of flow 
locally was about 10 or 12 hr. in dry 
weather. 

The use of the activated sludge process 
was advantageous in the saving in area 
required, 6 acres at Mogden serving a 
greater population than 43 acres at Bir- 
mingham. Without this concentration, 
the Mogden scheme would have been im- 
practicable. Activated sludge aeration 
tanks have been built as shallow as 4 feet. 
A maximum of 23 ft. proved disastrous. 
From 10 to 15 ft. are current in England 
and 15 ft. in the United States. 

At Mogden storm overflows were almost 
eliminated. Storm water should be kept 
separate. The minimum velocity in the 
sewers should be above 2 ft. per sec. 
There are no main sewers in West Middle- 
sex with velocities over 8 ft. per sec. The 
statutory requirement for stormwater tanks 
is 6 hr. capacity, based on dry weather 
flow. However the tanks were built for 
a future population of 2 million. 

Sludge thickening tanks prior to diges- 
tion were discontinued because of ineffec- 
tive results and odors. 


LANGDON PEARSE 








Melbourne and Metropolitan Board of 
Works. Report for the year ended June 
30, 1946. 


The annual water consumption has in- 
ereased from 17,600 mil. gal. in year end- 
ing June 30, 1941, to 20,497 in year end- 
ing June 30, 1945. The per cent of 
metered consumption has risen from 
55.2 to 59.4. Additional water supplies 
are projected. 

Because of deepened channels in Mel- 
bourne harbor an inverted siphon will be 
rebuilt with its top 54 ft. below low water 
mark (instead of 35). The Board has been 
acquiring considerable excavating equip- 
ment to facilitate sewering new housing 
developments. The present Metropolitan 
Sewerage System is based on designs pre- 
pared in 1891 for one million population. 
It is now proposed to plan for two million. 
The Board will now provide sewers for 
areas with a population of 4 persons to 
the acre. This means the area must be 
one-quarter developed. 

The sewage farm is 24 miles outside the 
city. Its area is 24,579 acres. The gross 
operating cost was £163,653. By syste- 
matic grazing of the pastures, the farm 
has derived a profit of £46,736 from the 
sale of cattle, sheep and horses, which re- 
duces the cost of sewage disposal to a net 
of £116,917 for the year ended June 30, 
1946, or 2 shillings per capita. This is 
higher than previously because of lower 
profits and deferred maintenance. Since 
1942, farming operations have been con- 
fined to the production of beef. At the 
end of the current fiscal year there were 
14,315 head of cattle on the farm. 

Although water was supplied to 4,434 
new houses, only 1,119 were completed 
and connected to the sewer. 

LANGDON PEARSE 


Report to West Basin Water Association, 
Los Angeles County, California. By H. 
ConkKLING. 36 pp. (July, 1946). 


This report discusses various methods of 
overcoming the deficiencies of water supply 
in the South Coastal Basin. The only for- 
eign source of water is the Colorado River. 
In 1947, 280,000 acre ft. will go to the 
ocean as sewage from Los Angeles County. 
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This might be purified and put under- 
ground. The cost of placing purified sew- 
age from the Los Angeles City North Out- 
fall underground in the West Basin would 
be $13,000,000. Service charges on a bond 
issue plus operating costs would be $18.00 
per acre ft. for delivery of 53,000 acre ft. 
per annum and $12.63 per acre ft. for 
80,000 acre ft. per annum, the design ¢a- 
pacity. A direct charge of $8.00 per acre 
ft. for 53,000 acre ft. annually, plus a tax 
of 45¢ on the 1945-1946 valuation, would 
service the project. 

The report discusses eight possible 
sources of water, including the limited use 
of sea water and the rectification of sew- 
age. Most of the nearby sources are 
nearing exhaustion. The two _ possible 
sourees are rectified sewage and the Colo- 
rado River. 

The system would include 110 wells 
(16-in. casing, 400 ft. deep) about 2,000 
ft. apart and not less than 1,000 ft. from 
any wells used for water supply. 














Mineralization 
Analysis a 
. Colorado 
| phe River Water 
| a P.p.m. 
Alkalinity | 108 105 
Chlorides ; 119 103 
Sulfates | 129 366 
Per Cent Sodium 54 81 
Hardness | 262 115 





The water from the Colorado River 
would cost $35.32 per acre ft., or $108.45 
per m.g. The cost of purifying and im- 
porting the sewage would be $18.00 per 
acre ft. for 53,000 acre ft. per annum. 

Of the six appendices, No. 4, “Sewage 
Reclamation,” by R. F. Goudey, is of in- 
terest to the sanitary engineer, for its de- 
tail in discussion of reuse of purified sew- 
age. Goudey proposes preaeration (30 
min.); short period sedimentation; aera- 
tion (4.5 hr. activated sludge); reaeration 
(214 hr. on return sludge); concentration 
tank for sludge to reduce moisture to 92 
per cent; chlorination equipment for 20 
lb. per m.g. avg. The air required is ex- 
pected to be around 0.87 cu. ft. per gal. of 
sewage. The sewage analysis expected is 
around 300 p.p.m. suspended solids; 250 
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p.p.m. 5-day B.O.D.; and 100 p.p.m. grease. 
53.5 miles of pipe are required for distri- 
bution of water, varying from 8 to 54 in. 
in size. Goudey concludes “water re- 
claimed as planned would be bacteriolog- 
ically safe and minerally more desirable 
than any other imported water which 
might be available. However, the Colo- 
rado River water would be softer. Reeti- 
fied sewage would be better for irrigation 
and industrial use. There should be no 
prejudice against such use of treated 
sludge.” It is assumed that no charge is 
made for the Los Angeles sewage. 
LANGDON PEARSE 


Biological Treatment Plants of Achéres 
and Experimental Sewage Station at 
Colombes. By P. Descrorx. La Techn. 
Sanitaire, No. 9-10, 65-66 (Sept.—Oct., 
1946). 


The plant at Achéres consists essentially 
of primary settling, activated sludge, sec- 
ondary settling, and separate sludge diges- 
tion, treating the waste of 500,000 people. 
The clarifiers have a detention time of 1.5 
hr., the aeration is 6 hr. Raw sewage con- 
tains 230 p.p.m. suspended solids, and 170 
p.p.m. B.O.D. The effluent contains 10 
p.p.m. suspended solids, and 25 p.p.m. 
B.0O.D. There are 4 Dorr two-stage di- 
gesters with a capacity of 3,000 cu. meters, 
one Nurnberg and one Priiss digester of 
3,000 cu. meters each. Gas production is 
about 5,000 cu. meters per day with B.T.U. 
of about 620. Gas is utilized for power 
and heating. 

The experimental station at Colombes 
consists of primary settling tanks, each 
4,000 cu. meters/day: Imhoff tank, Mieder, 
Bamag, Dorr, and O.F.T.A. Activated 
sludge: Simplex, O.F.T.A., Dorr and Acti- 
vated Sludge Ltd. Secondary settling 
tanks: Dorr and Hartley. For digestion: 
Dorr two stage (800 cu. meters cap.), 
O.F.T.A. (1,200 cu. meters). Further: 
one gas engine operating with gas directly 
from the tanks and 2 stations for compres- 
sion of excess gas. All necessary equip- 
ment for measuring flows, energy produc- 
tion, ete., is available. The waste activated 
sludge is used for gardens. 

W. Rupo.rs 
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Report of Commission on Studies of Ur- 
ban Sanitation. By M. GAvuttier. La 
Techn. Sanitaire, No. 11-12, 74-78 
(Nov.—Dece., 1946). 


Although separate sewerage systems 
have some advantages, a combined system 
is recommended. Velocity in the sewers 
should be at least 0.30 meters per sec. Pre- 
liminary treatment of sewage should con- 
sist of screening, grit removal or pre-set- 
tling. Primary treatment should comprise 
settling and digestion. Complete treat- 
ment, with exception of chemical coagula- 
tion, should consist of natural methods 
such as irrigation or fish ponds, or artificial 
means such as trickling filters or activated 
sludge, including digestion. In general, 
treatment should be sufficient (qualitative 
and quantitative) without interference 
with the natural self-purification processes 
in the receiving waters. 

W. Rupo.rs 


Percolating Filters for the Treatment of 
Sewage. By Roperto EsprInosA PArGA. 
Ingenieria y Arquitectura (Colombia), 
VL No. 68, 20-24 (Mar.—April, 1946) 
and No. 69, 21-23 (May-June, 1946). 


These two articles give a study of the 
general factors of design and operation of 
standard trickling filters according to 
American practice, with special attention 
to biologie action. The first article treats 
the general aspects of the filter and the 
second discusses the importance of bio- 
logie film and its place in the process of 
purification, followed by a study of fac- 
tors of design, filter media, depth, loading, 
and influence of temperature, placement 
of medium, ete. Finally a rapid compari- 
son is given of the two types of trickling 
filters and a general discussion of the im- 
portance and place occupied by trickling 
filters among the recognized processes of 
sewage treatment. 

Obtaining a well nitrified effluent is 
principally a matter of cost, but it re- 
quires greater depth and low rates of 
application. It is not necessary to obtain 
a high degree of nitrification to produce 
a satisfactory effluent. 

The efficiency of a trickling filter is af- 
fected mainly by the factors of loading 
and temperature. 
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The efficiency of oxidation is indicated 
best by the percentage of reduction of 
B.O.D. In a standard filter the reductions 
which may be obtained are: 


he) a 55-75% 
Biuspended golids................4- 10-30% 
NR ee ee ae 60-70% 


Filter Material. If the size of the par- 
ticles is large, the total area is small, but 
if the material is too small clogging will 
occur easily. For standard filters the size 
should run between 1.25 and 2.75 in. 
whereas in high rate filters the variation 
should be 2.75 to 3.95 inches. Material 
should be hard and _ non-disintegrating. 
The surface should not be smooth as film 
will not adhere. Size of medium should 
be uniform throughout, to obtain maxi- 
mum ventilation of the filter. 

Depth. The best depth depends on the 
character of the sewage, the rate of appli- 
eation and degree of treatment required. 
It is well known that with domestie sew- 
age applied in the usual rates the quality 
of the effluent from beds 10 ft. deep is no 
better than from beds 7 ft. deep. 

Purification effected per unit of volume 
generally decreases when depth exceeds 8.2 
to 10 ft. 

Drainage. Beds should be _ provided 
with free drains equal to 20 per cent of 
the area of the filter floor. 

Application of Sewage (Dosing). The 
amount of purification effected by a filter 
depends to a great extent on the method of 
distribution. Today it is generally ac- 
cepted that sewage should be applied con- 
tinuously in fine drops rather than in 
small doses with large intervals of rest. 

Distributors are of various types, as 
fixed sprays discharging vertically from 
above; rotary and moving distributors 
which are those generally employed in the 
majority of new installations. 

Fixed nozzles are more economical for 
small filters and revolving distributors for 
larger ones. Best form is uniform at all 
times and areas of filter and application 
in form of fine spray which produces some 
aeration. 

Fixed Nozzles. Require heads of from 
6.87 to 10 ft. and were used extensively 
until recent years. Filter is usually ree- 
tangular with this type but usually only 
little more than 70 per cent of filter area 
is ‘completely dosed. Usual size of nozzles 
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is % in. but sometimes those of 34 in. and 
1 in. are used. 

Revolving Distributors. Cireular filters 
used with this type and practically entire 
area is dosed uniformly. Revolving dis- 
tributors are made for filters up to 164 ft. 
diam. 

Loading. Loading permitted depends 
on characteristies of filter, strength of sew- 
age and degree of treatment required, also 
on temperature, chemical and _ biological 
conditions, particularly when industrial 
wastes are included. 

Hatch proposes expressing loading in 
values of B.O.D. in pounds per unit of 
filter volume, and tentatively suggests a 
standard of 250 pounds B.O.D. (5 day) 
per acre foot per day. This loading is 
equivalent to 135 grams B.O.D. (120° C.) 
per eubie meter (35.31 cu. ft.) per day. 
Others consider it more logical to express 
loading as the surface rate divided by the 
depth of filter. Loadings expressed by 
volume assume that lower strata of filter 
reduce same proportion B.O.D. as upper, 
which is not true, as it is verified that the 
greater proportion of B.O.D. is removed 
by the upper part of the filter. 

The writer believes it is best to express 
loading as grams B.O.D. per square meter 
per day, which facilitates comparison of 
loadings. Loading daily in grams B.O.D. 
per square meter is equal to the daily dos- 
age in cubic meters per square meter, mul- 
tiplied by the demand in p.p.m. This can 
also be used to measure loadings in filters 
to be used to handle industrial wastes of 
an organic nature. B.O.D. daily demand 
is constant per capita. Prof. Phelps finds 
112 grams per capita per day. 

Removal of B.O.D. obtained in primary 
settling tank depends on type of unit, 
period of detention, arrangement of inlets 
and outlets, and temperature and nature 
of the sewage. If normal conditions are 
assumed, 35 per cent reduction B.O.D. in 
primary sedimentation tanks can be ex- 
pected and B.O.D. per capita on filter is 
then 72 grams per day. 

The table following gives comparative 
values of various expressions of filter 
loading. 

Comparison Between Percolating Filters. 
Loading low rate filters 1 to 4 cubic meters 
per square meter per day and 20 to 25 
cubic meters per square meter per day for 
high rate. High rate filters when not oper- 
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Grams B.O.D. Daily 























2 meters deep 3 meters deep 
B.O.D. per Cubic Meters 
Cubic Meter per Person* B.O.D. per Square Meters B.O.D. per Square Meters 
Square Meter* per Person* Square Meter per Person* 
80 0.900 160 0.4500 240 0.3000 
100 0.720 200 0.3600 300 0.2400 
120 0.600 240 0.3000 360 0.2000 
135 0.533 270 0.2667 405 0.1778 
150 0.480 300 0.2400 450 0.1600 
300 0.240 600 0.1200 900 0.0800 
500 0.144 1000 0.0720 1500 0.0480 











* Assuming reduction in prim. sed. of 35 per cent B.O.D. 


ated in series are generally deeper than 
common filters, usually 3 meters, with re- 
circulation of effluent. Essentially the two 
types are equal but high rate eifect is a 
coagulation, and because time of contact 
is very short, only the most easily oxidiza- 
able substances attacked. High rate filters 
produce a larger volume settleable solids 
than the standard type. These solids are 
more putrescible, of higher water content 
and settle more slowly in settling tanks 
than low rate solids. 

Principal advantages of high rate are 
lower cost of construction, reduction of 
odors and flies, less obstruction of sur- 
face. Principal advantages of slow rate 
are better purification obtained in one 
stage, less sensitive in operation, cost oper- 
ation less, less solids in effluent, elimina- 
tion of recirculation. 

Cites 9 references, 1 to Imhoff, balance 
all American. 

EK. B. BESSELIEVRE 


Wartime Work of the Sanitary Engineer. 
By Gorpon §. McDonaup. The Sur- 
veyor, 105, 61-62 (January 25, 1946). 


World War I had its many problems of 
mud, filth, and contaminated water but 
these difficulties were increased by the 
highly mobile character of the recent war. 
The various campaigns ealled for careful 
planning for water supplies and other 
sanitation facilities. In Britain all 
branches of sanitation were affected by 
aerial bombardment. 

The sudden influx of American and Do- 
minion troops created numerous problems. 
Water supplies, drainage systems and sew- 


age treatment works were seriously over- 
loaded. In addition, foreed location of 
large factories and airports in what were 
rural areas created problems in providing 
essential sanitary services. Many combat 
troops were located in camps and these 
camps had to be provided with complete 
utilities. No finer work was carried out 
during the war than that executed by sani- 
tary engineers who safeguarded the health 
of troops and civilians in almost every part 
of the world. 

The misleading use of the term “Sani- 
tary Engineer” has influenced the general 
public to look upon the members of the 
profession as skilled craftsmen whose main 
occupation is plumbing. However, any 
attempt to change the name which the pro- 
fession has carried for so many years 
would only lead to further confusion. It 
therefore rests with the profession to edu- 
eate the public as to the correct interpreta- 
tion of the title “Sanitary Engineer.” 

The paper closes with a discussion of 
the policies of the Institution of Sanitary 
Engineers with respect to admission to 
membership in the organization. 

Paut D. Haney 


Lime Treatment of Waste Pickle Liquor. 
By Ricuarp D. Hoax, Cuirrorp J. 
LEWIS, CHARLES J. SINDLINGER AND 
BERNICE Kuen. Ind. and Eng. Chem., 
39, 131-135 (Feb., 1947). 


The present scarcity of high-calcium 
lime suggested the studies reported in this 
paper, which describes methods for ob- 
taining equivalent results on the treatment 
of waste pickle liquor with less reactive, 








but readily available, dolomitic lime. Nine 
types of lime, two high-calcium and seven 
dolomitic, were investigated. It was found 
that the dolomitic limes reacted more 
slowly because of two related factors: low 
solubility of magnesium oxide and de- 
creased reactivity of this component 
through overcalcination. Experimental 
data indicated that the calcium oxide re- 
acts at a substantially greater rate than 
the magnesium oxide in dolomitie lime. 
This necessitates completing the reaction 
between the dolomitic lime and the pickle 
liquor with the least reactive portion of 
the lime at a pH where the solubility of 
magnesium oxide is quite low. Further- 
more the magnesium oxide remaining at 
any time is less reactive than that previ- 
ously consumed by reaction. 

The reaction rate of a dolomitie lime can 
be increased by employing an excess of 
the lime. Roughly each 5 per cent excess 
reduces the reaction time one hour. 

Raising the temperature increases the 
reaction rate considerably. (In practice 
pickle liquor may be treated before it has 
an opportunity to cool.) 

Increasing the rate of oxidation of the 
ferrous hydroxide formed by the reaction 
markedly increases the reaction rate. 
This can be accomplished by more rapid 
stirring or by air injection. The sludge 
from dolomitic lime treatment is bulkier 
than that obtained from high-calcium lime 
treatment. This may be a serious disad- 
vantage where sludge disposal is a prob- 
lem. 

Dolomitic lime has a basicity advantage 
over high calcium lime and from a cost 
standpoint can compete with the more re- 
active high-calecium lime even though cer- 
tain expedients for increasing reaction rate 
may be necessary. 

Nine figures. Three references. 


PauL D. HANrEy 


Industrial Wastes. Introduction. By 
SHEPPARD T. Powetu. Ind. and Eng. 
Chem., 39, 559 (May, 1947). 


A number of industrial waste problems 
have been magnified with industrial growth 
and development and despite activities by 
various groups no broad corrective pro- 
gram has been developed. On a national 
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basis sanitary and industrial waste pollu- 
tion has outstripped the effort to maintain 
the national waterways in a _ reasonable 
state of purity. However, many industries 
are aware of their responsibilities and 
have expended large sums of money on 
research and treatment facilities. 

The purpose of the symposium on in- 
dustrial wastes presented before a joint 
session of the Divisions of Water, Sewage 
and Sanitation Chemistry and of Indus- 
trial and Engineering Chemistry at the 
recently held Atlantic City meeting of the 
American Chemical Society was. to supply 
a comprehensive review of the corrective 
measures that have been taken by a di- 
versified group of industries. No attempt 
was made to evaluate the responsibility of 
industry or to propose any national pro- 
gram for correction of pollution or to 
influence legislation now before Congress. 

Paut D. HANLEY 


The Public Health Service and Industrial 
Pollution. By Tuomas Parran, M.D. 
Ind. and Eng. Chem., 39, 560-61 
(May, 1947). 


The U. S. Public Health Service has 
been interested and active for many years 
in water pollution abatement programs 
and is eager to continue its policy of co- 
operation with state and regional authori- 
ties. 

At present, regulatory authority over 
stream pollution resides with the states. 
Standards for legislation are needed so 
that there will be reasonable uniformity 
from state to state. This could be achieved 
by the stimulation of regional authorities 
and interstate compacts. Here Federal 
grants and loans might be used to encour- 
age research and the development and con- 
struction of treatment works. 

The Public Health Service makes no 
recommendations at this time on the nature 
of regulatory federal stream pollution leg- 
islation. The decision as to the extent of 
federal police power in the control and 
abatement of water pollution is a matter 
to be determined by Congress. The Public 
Health Service is interested in seeing work- 
able legislation, state and federal, enacted 
which recognizes the various phases of the 
problem and the interests and responsibili- 
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ties of all. The Public Health Service is 
interested in any federal legislation which 
includes the following: (1) provision of a 
federal agency to act as a coordinator; (2) 
authorization for appropriations to allow 
the federal agency to carry on the duties 
assigned to it; (3) provision of an advis- 
ory board to the agency; (4) permission 
for states to form interstate compacts; (5) 
authorization for appropriation of funds 
for allocation to states for the development 
of pollution abatement programs; (6) au- 
thorization for appropriation of funds for 
grants-in-aid for the construction of waste 
treatment works; (7) provision for con- 
tinuing interest by the federal authority 
in the efficient operation of completed 
projects. 
Pau, D. Haney 


State Responsibility in Stream Puilution 


Abatement. By Aspen Wouman. Ind. 
and Eng. Chem., 39, 561-65 (May, 


1947). 


A review of state laws makes clear that 
they have been designed for two major 
purposes: (a) the protection of the pub- 
lie health, water supply, aquatic life, in- 
dustry, recreation, and (b) the prevention 
or abatement of local or general nuisances. 
Basically stream pollution law within the 
states had its origin in the police power 
of the state to protect public health. 
Court decisions have sustained the state’s 
authority to enact such laws as are neces- 
sary for the protection of the general 
health, comfort and welfare of the pub- 
lic. The greatest general diifieulty with 
state laws on water pollution results from 
the exemptions or exceptions which many 
state stream pollution control laws have 
granted to municipalities, industries, and 
certain areas or rivers. Frequently un- 
satisfactory wording of the law has made 
demonstrated proof of violation difficult. 
Existing limitations, constitutional or 
statutory, upon bonding power are also of 
great importance since in many instances 
these limitations made it impossible to 
finance needed pollution abatement works. 
This difficulty can be overcome by legisla- 
tion permitting sewer service charges and 
by exemption of bond issues for pollution 
abatement works from the limitation on 
bonded indebtedness. However, the secret 
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to successful prevention and correction of 
abuse of streams does not lie in the mere 
existence of comprehensive _ legislative 
enactments. The existence of one or more 
informed officials with sufficient energy 
and wisdom to carry on a cooperative pro- 
gram of pollution abatement has, to a 
great extent, been responsible for the 
progress achieved in many states. A 
stream pollution statute alone will not pro- 
duce clean streams. Action in this diree- 
tion will result when there is an awareness 
and an aeceptance on the part of the pub- 
lie and private industry of the fact that 
pollution cannot be continued indefinitely 
and when adequate administrative machin- 
ery is established for action toward the 
end of stream pollution abatement. In 
many areas the necessary administrative 
machinery is lacking. Financial considera- 
tions are worthy of study. Much progress 
could be made by developing improved 
techniques of financing sewage works in- 
stallations. 

The power of the state has been success- 
fully established and the assignment of 
concurrent power in the field of stream 
pollution to the Federal Government, even 
on a contingent basis, may give rise to an 
even greater confusion than now exists. 
Much has been said by the advocates of 
central government control of the desira- 
bility of uniform application of standards 
of stream quality. It is doubtful whether 
such uniformity is applicable or desirable 
in this general field. 

Ten references. 

PauL D. HANEY 


Creation and Correction of Industrial 
Wastes. By Suepparp T. PowELu. Ind. 
and Eng. Chem., 39, 565-568 (May, 
1947). 


Industry discharges wastes to streams 
that cover a wide range of organic and 
inorganic materials. These wastes may 
impart objectionable properties to the 
receiving waters. As population and in- 
dustrial activity have increased, the qual- 
ity of water in the nation’s streams has 
deteriorated. Facilities to supplement 
natural methods of self-purification are 
needed. Public opinion in favor of pol- 
lution abatement is growing stronger. 

Failure to control stream pollution is 








due to a number of factors such as (1) 
the cost of treatment facilities, (2) lack of 
fundamental data upon which corrective 
processes can be based, (3) widely differ- 
ing opinions on the desirable condition in 
which the streams should be maintained, 
(4) widely differing opinions concerning 
enforcement by legal measures, (5) con- 
flicting opinions regarding local and 
watershed methods of control, (6) lack of 
cooperation among states, (7) exploitation 
of personal interests to the detriment of 
public interest. In any constructive pro- 
gram for stream sanitation thought should 
be given to the following considerations: 
(1) creation of an educational program 
on a national scale, (2) assembly of data 
on watersheds, (3) recognition of the eco- 
romic necessity for properly employing 
the natural purification processes of 
streams in treating wastes, (4) lessening 
the present confusion among authorities 
responsible for stream sanitation, (5) mu- 
tual cooperation among industries on mat- 
ters relating to research, (6) coordination 
of investigations and cooperative construc- 
tion of treatment works by industrial 
groups, (7) arrangements between indus- 
tries and local municipalities for disposal 
of industrial wastes. 

In many cases the application of chemi- 
cal engineering principles rather than 
sanitary or biological treatment processes 
is the best solution to the industrial waste 
problem. Plans for treatment of a plant 
waste should not be made until after every 
possibility for loss prevention or recovery 
has been explored. 

The great barrier to a satisfactory solu- 
tion of stream pollution is the high cost of 
treatment. The need for research can 
hardly be overestimated. 

Probably no law dealing with stream 
sanitation can be passed that will meet the 
unqualified approval of all who are inter- 
ested in the subject. 

The problems of industrial waste pollu- 
tion and their correction involve basic fac- 
tors in our civic and economic life. The 
estimated annual value of products manu- 
factured by industries which create wastes 
is 25 billion dollars and the number of 
persons employed in these industries is 
about three million. There could not be 
any violent disruption of such basic indus- 
tries without serious consequences. The 
economic phase of the problem should re- 
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ceive careful consideration as regards en- 
forcement of a stream pollution law within 
rigid time limits. Industry, however, 
should realize that it ean no longer indefi- 
nitely create gross pollution. 

In 1938 it was estimated that the cost 
of treatment works alone for the correction 
of gross industrial pollution would be 
nearly a billion dollars. Industry has al- 
ready spent millions of dollars for indus- 
trial waste pollution abatement and will 
undoubtedly continue this program at an 
increasing rate during the next few years. 
The adequacy of the treatment works con- 
structed will be dependent on intelligent 
planning and on a program of cooperation 
between industry and federal and _ state 
agencies which enforce existing or future 
laws. 


Pau. D. Haney 


Atmospheric Pollution. By W. C. L. 
HeEMEON AND T. F. Hatcu. Ind. and 
Eng. Chem., 39, 568-571 (May, 1947). 


Pollution of the community atmosphere 
by various contaminants is an integral part 
of the industrial scene and will never be 
entirely eliminated. Generally the facts 
do not indicate that the common atmos- 
pherie pollutants are hazardous to health. 
The phrase “hazard to public health” 
should be transformed to “public nuisance.” 
Atmospheric pollution does not have to be 
injurious to health to be socially undesir- 
able. 

The civic trend is to require more air 
pollution control on the part of industry. 
Management generally desires to reduce 
contamination if it is convinced that there 
is excessive pollution from plant operation 
and if it is economically feasible to pre- 
vent the pollution. Industry should take 
an active position in this field and sponsor 
needed research. Close cooperation with 
public agencies is also advisable to ensure 
that any regulations passed are based on 
sound principles. Practical standards 
must give due weight to the factors of 
tradition of the community, its social and 
economic status, and the history of the 
industry. The most difficult problems in 
the control of atmospheric pollution are 
economic and there is a great need for the 
development of more economical control 
methods. Any standards developed will 




















Vol. 19, No. 5 


have little practical meaning until they are 
translated into terms of what industry 
must do to meet them. 

Pollutants may be classified on the basis 
of outstanding physical properties, as 
gases and vapors, dusts, fumes and smoke, 
and mists. 

Air pollution may be controlled by chem- 
ical engineering techniques and by tall 
stacks (1,000 ft. in certain situations). 
Meteorology can aid in the selection of new 
plant sites. 

Four references. 

Pau D. Haney 


Pollution Control at a Large Chemical 
Works. . By I. F. Hartow anp T. J. 
Powers. Ind. and Eng. Chem., 39, 572- 
577 (May, 1937). 


The Midland, Michigan plant of the 


Dow Chemical Company manufactures 
over 400 chemicals in 500 _ buildings. 


Wastes include 200 m.g.d. of water, 70 tons 
of refuse and millions of eu. ft. of vented 
air. 

Polluted waters are broadly 
classified as brines, clear waters, special 
wastes, phenolic wastes, and general or- 
ganic wastes. About 1 m.g.d. of waste 
brine results from bromine, calcium chlo- 
ride, Epsom salts, and magnesium manu- 
facturing processes. This brine, about eight 
times as strong as sea water, is stored in 
some 400 acres of ponds and released dur- 
ing periods of high stream flow. Pond 
dikes are made of clay ard are provided 
with concrete and steel outlet structures. 
During discharge periods the river im- 
mediately below is kept under 5,000 p.p.m. 
as sodium chloride to protect fish life. 
Water works at two cities downstream are 
protected by fresh water storage capacity 
and conductivity recorders. This method 
of brine disposal was adopted after at- 
tempts to return brines to subsurface for- 
mations had failed. 

Clear condenser waters represent about 
60 per cent of the total volume of liquid 
wastes. These are discharged direct to the 
river. Condenser losses are kept to a 
minimum to permit direct discharge of 
these wastes to the river. 

Special wastes are those which require 
special handling and which cannot be 
mixed with other plant wastes. These are 


waste 
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handled by a variety of methods including 
recirculation, steam distillation, treatment 
with activated carbon and chlorination. 
Inorganic acid wastes are discharged di- 
rectly to the river where sufficient alkalin- 
ity exists to neutralize them. Some chlo- 
rinated phenolic wastes require special 
treatment. Chlorine substitution in the 
para position seems to render these com- 
pounds difficult to treat biologically. 

One of the most important units in 
phenolie pollution control is the strong- 
waste storage pond. After ponding the 
strong phenol waste is mixed with weak 
waste and neutralized with lime in prepa- 
ration for treatment by biological oxida- 
tion. After clarification biological oxida- 
tion is accomplished on four 142-ft. 
trickling filters. The filters are 9.5 ft. deep 
and the medium is 2.5-3.5 in. blast furnace 


slag. Motor driven rotary distributors are 
used. The temperature of the mixed waste 


leaving these filters varies from 53° to 
95° F. and the pH is kept above 6.1 and 
below 8.0. The phenol concentration for 
normal feed varies from 30 to 50 p.p.m. 
Higher concentrations are recirculated. 
Phenol removal is from 4.29 lb. per 1,000 
cu. ft. at 56° F. to 9.0 lb. per 1,000 cu. ft. 
at 83° F. with a feed rate of 10.2 m.g.a.d. 
B.O.D. removal varies from 15.8 lb. per 
1,000 eu. ft. (56° F.) to 27 lb. per 1,000 
ca. 2. (83° B:): 

The filters have been in operation over 
five years and are serving as effective oxi- 
dation units. The faces of the stone are 
covered with a slime containing millions of 
bacteria. Oxygen for the filters is de- 
rived from air passing through the beds 
countercurrent to the water. 

The filter plant effluent is further treated 
by the activated sludge process. The ca- 
pacity of the activated sludge plant is 
about 1,700 lb. per day of phenol or 5,000 
lb. per day of B.O.D. Effluent ponds 
serve to oxidize further the soluble or- 
ganies and to settle suspended biological 
flocs before discharge to the river. 

General organic wastes have a volume of 
about 50 m.g.d. The oxygen demand of 
these wastes approaches 28,000 lb. per day 
and the threshold odor is near 5,000. The 
wastes are measured, screened and passed 
through a grit chamber and a clarifier. 
Following the clarifier are two parallel 
aeration tanks and two final settling tanks. 
Aeration is accomplished by water jet-type 








diffusers located 2 ft. from the bottom of 
the tanks. At present there are 362 jets 
in each of these basins diffusing 7,000 cu. 
ft. of air per minute. Water requirements 
for the jets are 8,500 gal. per min. at 18 
Ib. per sq. in. pressure. This system will 
allow the absorption of almost 30,000 Ib. 
per day of oxygen using about 400 horse- 
power. 

The plant effluent is clear with a slight 
color. The odor is reduced 75 per cent 
and the oxygen demand 90 per cent. 

Refuse disposal consists of burning com- 
bustible materials and developing fill areas 
for non-combustibles. 

The Dow Company is continuously work- 
ing toward the elimination of three types 
of atmospheric pollutants: (a) odors that 
cause discomfort or reduce property values, 
(b) irritants to the eye, ear, nose, throat 
or skin, (c) aerosols which may create fogs 
or unhealthy working atmospheres. 

In the case of a synthetic rubber plant 
it was deemed best to vent the entire build- 
ing and process vents to a system which 
delivered the air to the force draft fans 
of a nearby power plant. This was very 
effective. 

Small flows of concentrated gases are 
burned directly or absorbed through granu- 
lar activated carbon. The problem of wet, 
odorous stack gases from dryers and flak- 
ers has not been satisfactorily solved in all 
cases. 

Irritant gases are prevented from es- 
caping to the atmosphere by venting 
through scrubbers containing a proper ab- 
sorbent. Automatic analyzers on vent 
stacks have helped control losses. 

Dry dusts are collected through bag-type 
filters or gravity separators. Boilers are 
equipped with fly-ash control. 

Ten photographs and figures. Three 
references. 

PauL D. Haney 


Industrial Wastes—Pharmaceutical and 
Biological Plants. By E. L. KNorpLer 
AND §. H. Bascock, Jr. Ind. and Eng. 
Chem., 39, 578-582 (May, 1947). 


Biological and pharmaceutical laborato- 
ries and plants have been growing steadily 
for years but their growth rate increased 
markedly during the recent war. This 
growth has steadily increased the quanti- 
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ties of waste produced. The pharmaceuti- 
eal plant under discussion is located on a 
watershed which drains to streams from 
which potable water supplies are taken. 
The plant is therefore waste conscious and 
looks upon disposal problems as being as 
important as process problems. A manu- 
facturing process is not considered work- 
able until a satisfactory method for deal- 
ing with its wastes has been developed. 

The plant industrial sewer system col- 
leets various industrial’ wastes and small 
amounts of sanitary waste and delivers 
them to a small preliminary waste treat- 
ment plant. This plant consists of a ro- 
tary sereen and settling tank, two holding 
tanks of about 100,000 gal. capacity, a 
degreaser, an aerated flocculator, a trick- 
ling filter and a chlorinator. The chlori- 
nated effluent from this plant after pH 
adjustment to 7.0-7.5 is discharged to a 
municipal sewage treatment plant. 

Certain wastes which cannot be satis- 
factorily handled by the sewage treatment 
plant are disposed of by drying followed 
by sale or incineration of the dried prod- 
uct. 

Complete destruction of certain types of 
waste is desirable and incineration has been 
adopted for disposal of noxious, dangerous 
or resistant combustible materials even 
though drying may be required ahead of 
incineration. 

Wastes from the manufacture of cal- 
cium pantothenate are discharged to hold- 
ing tanks where they are treated on a 
batch basis with calcium hypochlorite prior 
to slow discharge into the industrial sewer. 

Wastes from riboflavin manufacture are 
handled by spray drying followed by in- 
cineration. 

Penicillin wastes are especially trouble- 
some and will cause great difficulty in a 
domestic sewage treatment plant. These 
wastes cause trickling filter clogging and 
interfere with sludge digestion. The 
B.O.D. of the wastes is high (several 
thousand) and oxidation is slow and diffi- 
cult. The most successful disposal method 
involves stripping for amyl acetate recov- 
ery. The still slops are then combined 
with filter cake solids, dried and incin- 
erated. 

Large animal carcasses are processed in 
the tankage plant. Small animal carcasses 
are destroyed in smokeless and odorless in- 
cinerators located in various buildings 
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where small animals are used for testing 
purposes. 

Powder wastes from tablets and cap- 
sules are salvaged to the extent of about 
90 per cent of the fines originally lost, in 
centrifugal separators. The balance is 
caught in a bag collector system. The con- 
tents of the bag collectors are destroyed 
by incineration. 

It is possible to eliminate waste nui- 
sances from such manufacturing plants at 
not too great expense provided the recov- 
ery and sale or utilization of by-products 
is kept in mind. By-produets will prob- 
ably never be profitable standing alone but 
they may contribute toward the cost of 
preventing waste nuisances. 

Four photographs and figures. 

Pau. D. HANEY 


Industrial Wastes—Cornstarch Processes. 
By R. E. GREENFIELD, G. N. CORNELL, 
AnD W. D. Hatrretp. Ind. and Eng. 
Chem., 39, 583-588 (May, 1937). 


In the early days of the cornstarch indus- 
try considerable losses to the plant sewers 
occurred. The stream pollution effect from 
a small starch factory could assume the 
magnitude of that from a city of half 
million. In the early 1920’s real progress 
was achieved in waste prevention and the 
recovery systems developed proved of eco- 
nomie advantage to the plants using them 
and at the same time provided stream pollu- 
tion relief. The recovery process was based 
on the re-use of the milling process waters 
in the closed cireuit. This led finally to the 
development of the “bottled up” process. 
Losses from a plant of this type result 
normally from the failure to achieve a bal- 
ance between water input and output and 
as entrainment from steep water evapora- 
tors and, abnormally, as spills resulting 
generally from breakdowns. 

The original sewage treatment plant at 
Decatur, Illinois, was placed in operation 
in 1924 and consisted of grit chambers, 
Imhoff tanks, three acres of trickling fil- 
ters, and secondary sedimentation. The 
design population was 60,000 but during 
the design and construction period of the 
intercepting sewers a tributary cornstarch 
works grew at an unexpected rate and the 
sewage received at the plant in 1924 had 
a population equivalent exceeding 300,000. 
The Sanitary District of Decatur, Illinois, 
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started a sewage testing station to find out 
if the sewage-waste mixture could be 
treated by a short-period activated sludge 
process followed by trickling filters. At 
the same time the starch manufacturing 
company began the study of waste recov- 
ery processes. These studies resulted in 
recoveries by the industry which are de- 
seribed in detail in this paper and the con- 
struction by the Sanitary District of a 
short-period activated sludge plant which 
increased the treatment plant capacity to 
150,000 population equivalent. 

A number of years of operation of this 
plant proved that when residual corn prod- 
ucts wastes are mixed with about an equal 
volume of domestic sewage, they can be 
satisfactorily treated by the activated 
sludge process, on trickling filters, or on 
a combination of the two in series. De- 
tailed information is presented regarding 
the loading of various units in the eombina- 
tion activated sludge trickling filter plant. 

Five references. Four figures. 

Pau. D. Haney 


Rubber Industry. By G. M. Hesparp, S. 
T. PoweELt, AND R. E. ROSTENBACH. 
Ind. Eng. Chem., 39, 589-595 (May, 
1947). 


The chemical, petroleum and rubber in- 
dustries in the United States made only a 
moderate effort to develop synthetic rub- 
bers prior to 1940. In that year the Rub- 
ber Reserve Company was created by the 
RFC to stock-pile natural rubber against a 
possible war in the Far East. By the next 
year, however, the new organization had 
requested plans for plants to produce 
10,000 tons of synthetic rubber annually. 
Events of the war necessitated rapid up- 
ward revision of the original figure, with 
the result that the rubber program was 
eventually producing 1,000,000 tons of 
synthetics annually. The program re- 
quired the construction of 53 plants of 
various types. 

A wide variety of organic chemicals is 
used in the production of intermediates 
and final products in this industry. While 
the chemical characteristics of these com- 
pounds are well known in their reactions 
in the plants, their effect on streams is 
not known in detail. The hydrocarbons 
used in the processes are only slightly sol- 
uble in water, but certain of them can be 




















oxidized by bacteyial activity and thus 
create an oxygen d/mand in the stream. 

The Rubber Reserve Company early 
adopted the princijjle of correcting wastes 
before complaints developed, and a pre- 
liminary policy was established to pro- 
tect receiving streams against pollution. 
Waste treatment was based on three prin- 
ciples, namely, (1) re-use of potential 
waste solutions, or processing them in 
auxiliary recovery equipment, wherever 
possible; (2) treatment in regional facili- 
ties of wastes from unit operations before 
discharge to sewers, with by-product re- 
covery where feasible, and chemical treat- 
ment where necessary; and (3) collection 
of combined wastes from all sources in a 
gravity separator, but with provision of 
separate treatment for sanitary wastes, 
cooling and storm water. 

Treatment plant operations chiefly in- 
volved gravity separation, plus coagulation 
of latex, soaps, and other materials. The 
equipment varied from plant to plant, but, 
in general, tanks were provided for decan- 
tation, and fractionating columns for 
reduction of waste volume and recovery 
of substances miscible with water. Deten- 
tion time in gravity separators varied 
from 0.7 to 7.0 hr. and averaged 2.5 
hours. Rubber crumbs of small size were 
recovered in vacuators to reduce the size 
of settling basins. Aeration was some- 
times resorted to to reduce odors and oxy- 
gen demand. Final separators usually 
followed a modified A.P.I. design. 

As of March, 1946, $13,500,000 was 
spent for waste treatment at 41 plants in 
18 geographical areas. It is anticipated 
that additional treatment facilities will be 
needed at those plants continuing in oper- 
ation. 

Flow-sheets are given for GR-S, buta- 
diene, and styrene waste treatment plants, 
and five tables list plant sizes and loca- 
tions, principal raw materials in the many- 
facturing processes, and waste charac.er 
for the three types of plants illustrated. 

Ricuarp D. Hoak 


Recovery of Fermentation Residues as 
Feeds. By C. S. Borurr. Ind. Eng. 
Chem., 39, 602-607 (May, 1947). 


‘As of 1946, 78 per cent of the potential 
recoverable values from grain distillers’ 
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stillage was being converted to dried feeds 
and 14 per cent was being sold as wet 
feeds, leaving only 8 per cent unrecovered. 
This great advance over the 8 years pre- 
ceding the war, when only 11-20 per cent 
was recovered, resulted from the increased 
demands for all types of feed during the 
war, and from Government insistence on 
the installation of the necessary equipment. 
Today this is a profitable operation at 
medium to large distilleries, and even the 
small distiller can show a profit with a 
properly engineered and operated installa- 
tion. There is a potential recovery of 
340,000. tons of feed from the beverage 
distillers alone, but this figure will prob- 
ably reach a peak of 750,000 tons per year 
in 1947 and 1948 because of capacity 
operations to replace aged stocks of 
whiskey. In the near future it is likely 
that all industrial alcohol will be fermented 
from molasses, or made synthetically. 

The recovery process consists of fine- 
sereening the stillage to recover grains 
which may be pressed and passed through 
rotary driers to be sold separately as light 
distillers’ grains. The sereened stillage 
(0.8 per cent suspended solids) is normally 
concentrated in multiple effect evaporators 
to a viscous material containing 25-35 per 
cent solids. If the screened stillage is first 
centrifuged, it may be concentrated up to 
50 per cent solids, and special treatment 
“an provide even higher concentrations. 
The concentrated solubles may be combined 
with the sereenings and dried grains to 
produce dried dark distillers’ grains. The 
evaporated syrup may be dried on drum 
driers to produce distillers’ dried selubles, 
and manufacture of this product has in- 
ereased very rapidly since 1939. The pro- 
tein, fat, vitamin content, and bulk of 
dried grains make them especially valuable 
in dairy rations. The dried solubles are a 
valuable feed supplement, particularly in 
poultry and certain swine rations. 

Some stillage has been digested ther- 
mophilically for a number of years. Broad 
irrigation and lagooning are practiced to 
a limited extent, at a rate of 5,000 to 
10,000 gal./acre/day. Stillage is the only 
waste from grain distillers that is impor- 
tant in volume and strength; it has a 
B.O.D. of 15,000 to 20,000 p.p.m. Equip- 
ment cleanup washings are usually run to 
the sewer. 

Stillage from alcoholic fermentation of 
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molasses averages 5 per cent total solids 
(4 per cent organic), and has a B.O.D. of 
22,000 p.p.m. Most of these wastes are 
concentrated to 50-60 per cent solids and 
substituted for molasses in stock feeds. 
For each 2.4 gal. of molasses mashed, 6-8 
lb. of dried stillage is recovered. The 
yeast waste has a B.O.D. of 7,000—14,000 
p.p.m. and is too low in solids and food 
value to justify recovery. A process of 
stage digestion has been developed which 
reduces its B.O.D. to about 1,000 p.p.m., 
and, when diluted with 15-20 parts of con- 
denser water, yields an inoffensive effluent 
that may be discharged to a river. 

Stillage from acetone-butanol fermenta- 
tion of molasses is more dilute, but has a 
B.0.D. of 7,000-11,000 p.p.m. This ma- 
terial can be disposed by anaerobic diges- 
tion followed by aerobic _ stabilization. 
Most of it, however, is evaporated, dried, 
and sold as dried fermentation solubles. 
It is a valuable feed supplement because 
of its high vitamin content. 

Brewers’ wastes are mainly liquor 
pressed from wet grain, yeast recovery 
liquor, and miscellaneous washup wastes. 
Waste water from an average brewery has 
a population equivalent of about 13/bbl. 
of beer, on a B.O.D. basis. Yeast recov- 
ery is profitable, 0.1 lb. of dried yeast 
being recovered per barrel of beer. From 
25 to 27 per cent of the original weight of 
the. grain is recovered as dried brewers’ 
grains, and an equivalent amount is sold 
as wet grains. Hops residues-are usually 
burned under boilers. Concentrated brew- 
ers’ wastes are too dilute to be evaporated, 
and, while they are not susceptible to 
chemical treatment, they can be treated 
alone or with domestic sewage by biologi- 
cal oxidation. 

Winery wastes consist of stems, pomace, 
lees, and stillage. The first two of these, 
amounting to 15-20 per cent of the origi- 
nal weight of the grapes, are spread on 
vineyards for their fertilizer value. Lees 
is rich in potassium bitartrate, and about 
1,300,000 lb. of this compound was recov- 
ered from this source in California in 1944. 

Winery stillage is the most difficult 
waste to dispose of. The most common 
method is storage in settling basins. Fre- 
quently overloaded, the resulting decompo- 
sition produces foul and nauseating odors. 
Greater basin area would reduce this nui- 
sanee. The inereasing consumption of 
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brandy and dessert wines indicates that 
the problem of disposing of winery still- 
age is becoming more and more acute. The 
Wine Institute has initiated research to 
achieve maximum efficiency in disposing 
of winery wastes. 

This article contains a wealth of factual 
information, including a number of tables 
and charts giving the composition of the 
various wastes and the by-products recov- 
erable therefrom. 

Ricuarp D. Hoak 


Citrus Canning Industry. By Rosert R. 
McNary. Ind. Eng. Chem., 39, 625-627 
(May, 1947). 


Growing, marketing, and _ processing 
eitrus fruits forms Florida’s second most 
profitable industry (tourist trade ranks 
first). In the early days the fruits were 
marketed only as a fresh product, and the 
only waste was spoiled fruit and culls. 
Those were either dumped on wasteland or 
returned to the groves and ploughed under 
to add humus to the soil. Only a limited 
amount can be disposed of in this manner, 
however, and as the industry expanded 
through the introduction of canneries, new 
disposal methods were sought. 

Dehydration plants now convert about 
60 per cent of the citrus waste into cattle 
feed, 80,000 tons having been produced in 
1945-46. All of this waste cannot be 
processed because (1) some plants are too 
small to operate a dehydrator or too far 
from a feed mill; (2) some fresh peel is 
always fed to eattle; (3) operations are 
too light at the beginning and end of the 
season to warrant operating a dehydrator; 
and (4) the capacities of the feed mills 
are too low during the peak periods. 

Production of dried citrus feed was a 
boon to the canner, but it created a new 
problem in disposing of the press liquor. 
The fresh waste contains 82 per cent 
water which must be reduced to 8 per 
cent in the feed, and direct evaporation 
was too costly. Pressing reduces the water 
to 72 per cent or less, but the press liquor 
contains 12 per cent dissolved solids, of 
which 5-7 per cent is sugar. This waste 
has an oxygen-consumed value of about 
40,000 p.p.m. and is difficult to dispose of 
unobjectionably. It can be treated with 
domestic sewage as long as it is not pres- 











ent in disproportionate quantity. Unfor- 
tunately, the peak of canning operation 
occurs during the height of the tourist 
season, and, thus, excessive treatment plant 
capacity is required for January and Feb- 
ruary. Press liquor cannot be discharged 
to surface water, either fresh or salt; to 
deep wells; to lagoons; or back to the 
groves. 

Press liquor ean be successfully coneen- 
trated to citrus molasses of 70-75 per cent 
total solids. This syrup is not fit for hu- 
man consumption but forms a valuable 
addition to stock feed because of its high 
carbohydrate content. This waste treat- 
ment method has been quite profitable in 
recent years due to the sugar shortage, and 
the bulk of the press liquor is so treated 
today. Attempts have been made to pro- 
duce a bland syrup suitable for baking or 
candies, but so far they are only in the 
laboratory stage. 

Industrial aleohol could be made from 
the press liquor, but competition from 
producers of blackstrap molasses probably 
would be ruinous. Studies are in progress 
to use press liquor for growing feed yeast. 
Such material would be valuable for addi- 
tion to feeds because, while dried citrus 
feed contains only 6 per cent protein, yeast 
contains nearly 50 per cent. The effluent 
from a large government pilot plant pro- 
ducing yeasts has shown a 75 per cent re- 
duction in oxygen-consumed value. 

Ordinary canning wastes are not as con- 
centrated as press liquor, but are much 
larger in volume. Their oxygen-consumed 
value is generally below 5,000 p.p.m. One 
large plant uses 90 per cent of this waste 
to cool cans after pasteurization, but the 
other 10 per cent must be disposed of by 
sanitary treatment. This waste has a 
minimum population equivalent of 25 per 
ton of fruit packed, on a total solids basis, 
and about 8, on a B.O.D. basis. The di- 
luted waste can be handled on natural 
sand beds where several beds can be ro- 
tated to allow for a rest period, and where 
the ground-water level is not too high. 
Trickling filters have been used successfully 
but their cost has been found to be pro- 
hibitive. Where the wastes are sufficiently 
dilute they can be discharged inoffensively 
into large lakes if care is taken to distri- 
bute them intelligently. 

The inescapable conclusion is that citrus 
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wastes will continue to increase and dis- 
posal problems will become more acute, 
The necessity for continued research is 
evident because there are a number of 
possibilities which have had little or no 
study. In time, these may be developed 
profitably. 
Ricuarp D. Hoax 


Textile Industry. By JouHn C. Geyer. 
Ind. Eng. Chem., 39, 653-656 (May, 
1947). 


Developments of the past 60 years have 
shown that liquid textile wastes ean nor- 
mally be treated by processes suitable for 
domestic sewage. The treatment is ex- 
pensive and difficult and it does not al- 
ways yield effluents of the desired quality. 
That this is so is not attributable to lack 
of research, for much excellent work, espe- 
cially that sponsored by the Textile Foun- 
dation, has been done in all textile pro- 
ducing areas. The wastes are extremely 
variable, ranging from the chemically 
strong, deterging wastes to the relatively 
weak rinse waters. Wherever possible, 
textile wastes should be combined with 
domestic sewage for municipal treatment, 
as this is simpler, cheaper, and affords 
better control. Where a mill operates its 
own treatment plant, equalization plus 
chemical treatment is usually employed. 
Mechanical or biological filtration is used 
where a high quality effluent is demanded. 
Precipitation and settling plants cost from 
10 to 20 cents per 1,000 gal. of waste. 

The most serious textile wastes are those 
produced in deterging and scouring opera- 
tions. Wool scouring waste is an evil, 
greasy liquid, highly alkaline and putres- 
cible. Its character is shown in the table 
below. 








Parts per Million by Weight 





| Maximum! Minimum] Average 








Grease 25,800 | 3,000 8,650 
Suspended matter | 30,300 | 2,400 | 11,520 
Oxygen absorbed* 7,400 398 1,830 
Alkalinity 29,400 | 3,430 6,780 








* Oxygen absorbed in 4 hours from N/8 
permanganate at 90° F. 
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Cotton kier liquor contains fats, waxes, 
resins, starch, ete., removed from the fiber 
by boiling with strong caustic under pres- 
sure. The average composition of kier 
liquor from the one-boil method is given 
below. 








| Quantities per 100 Lb. 
| Goods 














Kier | Rinse Total 
Gallons | 33 | 83 | 116 
Total solids, lb. | 4.78 | 4.11| 8.89 
B.O.D., lb. | 0.81} 0.79 1.60 
Population equivalent | 4.82 | 4.84 9.66 





Silk degumming liquor, a thick soapy 
liquid of almost jelly-like consistency, con- 
tains sericin from the fiber, soap, and other 
detergents. Wastes from a plant using 
two washes after the boil-out, average as 
follows. 


Quantities per 100 Lb. Goods 


Gallons 850 
Total solids, lb. 30.7 
Volatile solids, lb. 22.7 
Suspended solids, Ib. 3.7 
B.0O.D., Ib. 6.99 
Population equivalent 44,24 


Steeping and fermenting (retting) of 
Hax straw to remove the pectose produces 
a highly putrescible waste that is usually 
ponded at the flax farm until it has deeom- 
posed sufficiently to permit safe discharge 
to a stream. 

The bleaching and scouring of cotton pro- 
duces a waste similar to, but weaker than, 
kier liquor. Where bleaching and kiering 
are combined, the waste has the following 
average character. 


Quantities per 100 Lb. Goods 


Gallons ; 976 
Total solids, lb. 19.66 
Population equivalent 6.60 


Dye wastes are large in volume and vari- 
able in quality with respect to difficulty of 
treatment and damage to streams. Sulfur 
dye wastes are alkaline, highly toxic, and 
contain sodium sulfide. They damage 
streams, are difficult to treat, and upset 
sewage treatment plants unless properly 
proportioned. Vat dye wastes are alkaline 
and contain reducing agents which cause a 
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high chemical oxygen demand. Their 


character appears below. 

















Quantities per 100 Lb. 
Goods 
Sulfur Vat 
Gallons 545 1890 
Total alkalinity, p.p.m. 1511 1675 
Population equivalent 35.69 12.86 





Process costs and expense of waste 
treatment can be reduced by reducing the 
waste volume. This can be done by re- 
using weak wastes for make up or for ad- 
dition to more concentrated baths; by re- 
tention of used baths for restoration to 
strength; by employing counterflow meth- 
ods; and in other ways. Useful byprod- 
ucts cannot be recovered except from 
strong chemical wastes. Wool scouring 
waste can be reduced by removing grease 
and dirt before scouring. The high dilu- 
tion of dye wastes makes dye recovery im- 
practical, but dyes can be saved by re- 
taining spent baths and making them up 
to strength, and by other expedients. 
Good housekeeping should be the watch- 
word for waste reduction. 

Treatment processes frequently involve 
separation, equalization, co-precipitation, 
chemical treatment, filtration, and biologi- 
“al treatment; of these, chemical treat- 
ment is the most widely used. The coagu- 
lants used are lime, ferrous sulfate, ferric 
sulfate, aluminum sulfate, ferric chloride, 
ealeium chloride, and sulfurie acid. Fer- 
rous sulfate and lime in combination 
usually work best and are the most econom- 
ical. Batch-type plants are the simplest 
and cheapest where waste volume does not 
exceed about 250,000 gal. per day. Above 
this figure continuous equipment is usually 
dictated. 

Treatment of textile wastes with munici- 
pal sewage is usually employed where the 
local facilities are adequate. Equalization 
and regulation of the flow at the mill are 
essential; otherwise the wastes will inter- 
fere with the operation of the sewage 
plant. Where wastes are strong in pro- 
portion to the sewage dilution factor, or 
are toxic to sewage bacteria, some degree 
of pretreatment at the mill must be used. 

This article contains diagrammatic 
sketches of three types of textile waste- 
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treatment plants, and includes much more 
data than is given here. 
RicuarD D. Hoak 


Refinery Waste Disposal—XVI. Four Fac- 
tors are Major Controls in Design of an 
Economical Oil-Water Separator. By 
W. B. Harr. Petroleum Processing, 2, 
282-290 (April, 1947). 


Certain factors control the design of 
sedimentation equipment. These are: 


1. The type of flow through the equip- 
ment. 

2. The shape of the equipment cross-sec- 
tion. 

3. The size of the oil globule and its 
rate of rise. 

4. The rate of globule rise versus prac- 
tical separator length. 


The effective separation of oil from 
water by sedimentation depends on a type 
of flow whose turbulence is too small to 
overcome the buoyancy of the oil globule. 
Laminar flow would be ideal, but it cannot 
be attained in practice. While Reynolds’ 
number is the best criterion for estimating 
the relative turbulence, there is no mathe- 
matical method for predicting an absolute 
degree of turbulence. Since the level of 
turbulence that will interfere with globule 
buoyancy cannot be calculated, it is neces- 
sary to employ experiment and observa- 
tion. 

A glass separator (12 in. wide X 30 in. 
long X 10 in. deep for 6 in. flow depth) 
was constructed for laboratory study of 
turbulence. Dye solutions were introduced 
for observation of type of flow. No mat- 
ter how carefully the dye was introduced, 
laminar flow was never attained. It was 
established that excessive turbulence oc- 
curred at a ealeulated velocity of 0.0086 
ft./see. The effect of turbulence on oil 
globules was next determined by introdue- 
ing a suspension of oil made by shaking 
24° A.P.I. oil with water. It was found 
that velocities in exeess of 0.0091 ft./see. 
produced turbulence which carried the 
smaller globules along. 

Based on these experiments, a pilot sep- 
arator was designed with a width of 8 ft., 
and other dimensions in proportion as e¢al- 
culated from the laws of hydraulic simili- 
tude. These calculations also determined 
the range of Reynolds’ numbers for the 
experimental separator. When flows based 
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on these numbers were applied to the sepa- 
rator they resulted in pronounced eddy 
eurrents around some of the accessory 
equipment. This necessitated computation 
of a new range of Reynolds’ numbers and 
their correlation with flows permissible in 
a plant-size separator. 

Certain practical features had to be 
considered before this could be done. 
Basin cleaning mechanisms available at 
the time limited the width of separators 
to 20 ft., and this width was accepted as 
standard. The desirable flow depth should 
be half the width, but, as many refineries 
are located in low areas bordering on 
water, with a consequent high water table 
and sewers less than 5 ft. below grade, a 
practical compromise was reached by 
adoption of a flow depth of 8 ft. This was 
a deviation from the ideal channel cross- 
section, but it could be shown that the 
deviation was not serious. A plot was 
then prepared for Reynolds’ number 
versus the A.P.I. gravity of the suspended 
oil. For correlation of standard eross- 
sections (20 ft.x 10 ft.) with Reynolds’ 
numbers for other flow depths of standard 
width, a plot was prepared of per cent 
standard cross-section area versus per cent 
Reynolds’ number for a standard cross-sec- 
tion. These two plots permitted a graphi- 
cal determination of the proper Reynolds’ 
number for any flow-depth of standard 
width. It must be emphasized that the 
capacity of a separator is governed by the 
average velocity of a vertical transverse 
section of flow, and not by cross-sectional 
area. Also, the amount of oil in the 
waste water has a negligible effect on 
separator capacity. These principles are 
illustrated by formulas and examples. 

Every effort must be made to design a 
separator that will maintain proper flow 
character. Perfect distribution of flow is 
impossible in any practicable separator 
because (a) in viscous flow the fluid is 
retarded by the walls; (b) movement of 
suspended particles causes disturbances; 
and (¢) flow cannot be introduced prac- 
tically in a manner that will not cause some 
disturbance. 

Although the desired type of flow could 
be attained in the lower reaches of a suffi- 
ciently long channel, construction of such 
a separator would be uneconomical. 
Therefore resort must be made to stilling 
chambers to bring about quickly the proper 
type of flow. Unlike flow in a pipe 
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where the pressure is equal on all sides, 
the pressure in a channel varies from 
atmospheric at the top of the flow to 
atmospheric plus hydraulic head at the 
bottom, and flow velocity varies with dis- 
tance from the sides and bottom. The 
shape of the velocity eurve will vary with 
the volume of liquid flowing, and Reynolds’ 
number control of velocity will prevent 
overloading. In a properly designed sep- 
arator practically all of the fluid will flow 
forward tranquilly, because the critical 
depth will oeeur only a few inches above 
the bottom, and it is into this region that 
the discharge from a stilling chamber 
should be evenly distributed. 

Stilling ean be accomplished in several 
ways, but stilling in steps is the most eco- 
nomical method. The velocity head of the 
fluid from the influent sewer is dissipated 
by impinging the stream against a baffle, 
which creates eddy currents. These cur- 
rents are stilled by dividing the flow 
and introducing it into a stilling basin 
equipped with an adjustable sharp-edge 
weir which discharges the fluid into a see- 
ond chamber filled with 21% in. Raschig 
rings resting on a perforated steel plate, 
to serve as a film-rupture chamber. From 
the film rupture chamber the fluid passes 
into the separator, where the oil globules 
vise to the surface and are skimmed by 
travelling flights while the clarified liquor 
passes over a weir at the far end of the 
tank, 

This article contains a number of figures, 
of which one is reproduced here to illus- 
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trate schematically one design for an oil- 
water separator. Space does not permit 
inclusion of details of design, and anyone 
contemplating such a separator should 
refer to the original article. 

Ricwarp D. HoaKk 


Refinery Waste Disposal—XVII. Design- 
ing Primary Section and Accessories of 
an Effective Oil-Water Separator. By 
W. B. Harr. Petroleum Processing, 2, 
471-477 (June, 1947). 


An oil-water separator comprises a pri- 
mary and a secondary section. The sedi- 
mentation basin, which extends from the 
downstream wall of the distribution box 
to the upstream side of the oil retention 
baffle, occupies the largest proportion of 
the primary section. The chief function 
of this section is not complete oil removal, 
but the removal of any conditions which 
would affect complete oil removal in the 
secondary section. The major portion of 
the free oil will, however, be separated in 
the primary section. 

The division of a separator into two sec- 
tions has often been justifiably questioned, 
but, except in unusual cases, the divided 
separator provides the greatest efficiency 
at the lowest cost in the long run. 

The important factors in separator de- 
sign are (a) temperature of waste flow; 
(b) density of oil to be separated and re- 
tained; (c) density of water-portion of 
waste; (d) absolute viscosity of oil to be 
separated and retained; (e) absolute vis- 
cosity of water-portion of the waste; (f) 
Reynolds’ number to be used; (g)_ hy- 
draulic radius of flow section; and (h) 
kinematic viscosity of water-portion of the 
waste. Each of these factors is deseribed 
in some detail. 

An example of the design of an actual 
separator, including accessories, is given 
in detail. This example is too lengthy for 
inclusion in an abstract; the original 
article contains graphs and data sketches 
which are used in finding the solution to 
the design problem. 

Ricuarp D. Hoax 


Chemists Make Soluble Food Casings 
from Wastes. The Canner, 104, 26 
(May 17, 1947). 


A new pectinate material is made from 
citrus peel or apple pomace and is used as 
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a soluble protective coating for sausage 
and other meat and food products. 

If the coated product is boiled the film 
is dissolved or if fried or roasted the film 
may be consumed with the meat as it is 
tender and edible. 

H. Guapys Swope 


The Fishes of the Willamette River Sys- 
tem in Relation to Pollution. By R. E. 
DimicK AND FRED: MERRYFIELD. Engi- 
neering Experiment Station, Bulletin 
Series No. 20, 58 pages, Oregon State 
System of Higher Edueation, Oregon 
State College (June, 1945). 


This study, to list the various fishes in- 
habiting the river and to ascertain the gen- 
eral effects of pollution on the game and 
commercial species, was authorized, June 
30, 1944, as one phase of a comprehensive 
survey of pollution conditions. 

Sampling points were established on the 
main river and on important tributary 
streams. Usually, the sampling stations 
were located above and below focal points 
of major pollution and in relation to the 
confluences of tributary streams flowing 
into the main river. 

Hydrographie data, chemical character 
istics, bacteria counts, collections of. fish- 
food bottom organisms and fish collections 
were obtained at each sampling station. 
Data on water temperatures, dissolved oxy- 
gen content, biochemical oxygen demand 
and pH are summarized in this report. 
The highest water temperature recorded 
was 89° F. No trout, salmon or whitefish 
were found in this high water temperature. 
Temperatures of this magnitude would 
probably be lethal to these fish. On the 
other hand, large mouth bass, pumpkin- 
seed sunfish, blue-gill sunfish, white crap- 
pie, bullhead catfish and carp did not ap 
pear to be distressed. No salmonoid fish 
was observed in water 73° F. or above. In 
the majority of cases, cutthroat trout, rain- 
bow turvut and Chinook salmon were ob- 
served and collected during August and 
September in waters having a temperature 
range of 55 to 66° F. They were always 
less numerous in water ranging from 67 
to 72° F. Large mouth bass, bluegills, 
black and white crappie and pumpkinseed 
sunfish were obtained during August and 
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September in water ranging from 59° F. 
to 89° F. None of these fish were found 
during these months in water 58° F. or 
below. In one case numerous bullhead 
catfish were obtained in an isolated pool 
along the river at 93° F. 

Generally, in water of low oxygen con- 
tent for the species, the breathing rate is 
increased, and under such circumstances 
the toxicity to the fish of poisonous ma- 
terials may be greatly intensified. No live 
trout or salmon were found at any time 
during August and September in water 
having less than 5.2 p.p.m. dissolved oxy 
gen. The majority were collected in 
water ranging from 7.8 to 10.6 p.p.m. A 
group of cutthroat trout, rainbow trout 
and fingerling Chinook salmon were main- 
tained in good health for 30 days in ex- 
perimental tanks having a D.O. content of 
about 5 p.p.m. and a temperature of 60 
to 70° F. 

The B.O.D. of the river was sufficiently 
high so that D.O. contents of 0.0 p.p.m. 
were found on several oceasions. Two out 
standing pollution areas receiving sulfite 
liquor wastes from pulp mills had low 
D.O. contents and gave evidence of tox 
icity to fish and fish-food organisms. 

The pH of the river water varied from 
6.1 to 7.9. 

The kinds of fish present, their locations 
and relative abundance in the Willamette 
River System are tabulated. Thirty-four 
kinds of fish belonging to 13 different fam 
ilies were found. At least 19 of these 
were of game or commercial importance. 
Some of the 15 minor fishes may have im 
portant bearing on recreational and com 
mercial species as competitors, as preda 
tors, and as food for these desirable fishes. 
Twenty-three species were indigenous and 
11 were exotic. A list of the fishes found 
is given along with their technical names, 
some pictures, and informative notes rela 
tive to their life history, oceurrence, ete. 

Important organisms in the diets of rain- 
bow, steelhead and cutthroat trout are the 
aquatie insects, mayflies, stoneflies, caddis 
flies, midges, blackflies; insects of terres- 
trial origin; crayfish and fish. Pictures 
of some insects are included. A summary 
is given of the kind and numbers of fish- 
food organisms obtained at sampling’ sta- 
tions during August and September. 
Stonefly nymphs appear to be the least 
tolerant of pollution and in only one ease 





we 
tio 
lar 
ret 
dis 
pe 
en 
art 
liq 
lar 
we 
be 
ab 
ga 
th 
mi 
an 


fe 


lu 


ad 
0] 








Vol. 19, No. 5 


were found in water suspected of pollu- 
tion. Mayfly nymphs and eaddis_ fly 
larvae could not be found below a flax 
retting plant and other locations. The 
dissolved oxygen content of the water ap- 
pears to have some influence on the pres- 
ence or absence of these organisms. In 
areas of pronounced pollution from sulfite 
liquor effluents and cannery wastes, midge 
larvae and aquatic annelids (slugworms) 
were usually present in significant num- 
bers, but the important insect groups were 
absent. Silt deposits destroyed bottom or- 
ganisms in some areas. In certain areas 
the searcity of fish in species and numbers 
may be the result of food depletion in 
amount and kinds resulting from the ef- 
fects of pollution in that area. 

The authors conclude that untreated pol- 
lutants from many and varied sources have 
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at times killed desirable fishes by depleting 
the oxygen supply of the water and that 
toxie action of some effluents is a major 
eause of fish and fish food decreases in 
various areas. Portions of the river sys- 
tem are seriously affected by pollution, 
especially during the season of low water 
volume. Pollution as it now exists in parts 
of the river system is one of the most 
serious contributing causes of unsatisfac- 
tory fish habitat. The authors suggest 
that 5 p.p.m. become the lowest D.O. for 
satisfactory fish habitat, that no waste 
water effluent toxie to fishes and their pre- 
ferred foods be discharged into the river 
and that a biological index of suitability 
by determining the presence of mayfly 
nymphs, caddis fly larvae, and _ stonefly 
nymphs be provided. 
Roy WESTON 





Professional Opportunities 





BACTERIOLOGIST 

Graduate Bacteriologist to take charge 
of section in newly organized research 
project in Eastern United States; must 
have some background in chemistry and 
experience in the field of sewage and wa- 
ter research or treatment; salary $3,200 
to $4,200 depending upon qualifications. 
Write Dept. AAR, Federation of Sew- 
age Works Assns., 325 Illinois Bldg., 
Champaign, IIl. 


Sanirary ENGINEER OFFICERS 

The War Department has been re- 
quested by the Eighth Army in Japan 
to select a number of Sanitary Engineers 
to serve in the various prefectures and 
special areas in Japan as Sanitary En- 
gineer Officers. 

Duties 

1. Under the supervision of the Miuli- 
tary Government Officer, each ineumbent 
will supervise the work of one sanitary 
technician, administratively and_ techni- 
cally. He will have the responsibility for 
the surveillance of the civilian sanitarian 
program in his region or special area. 

2. Surveillance of Japanese officials in 
the Sanitation Department of the region 
or special area with regard to these activi- 
ties: (a) Organization, training and op- 
eration of civilian sanitation squads for 
insect and rodent control and environmen- 
tal sanitation; (b) Investigation of out- 
breaks of communicable disease, making 
sanitary surveys and recommending to the 
commanding officer of the Military Gov- 
ernment the sanitary measures necessary 
for the control of such diseases; (ce) In- 
spection of all matters pertaining to con- 
struction, repair and operations procedure 
of civilian water works, waste collection 
and disposal installations; (d) Other gen- 
eral and specific duties relative to sanita- 
tion as the situation may demand. 
Qualifications 

1. Graduate in Sanitary or Public 
Health Engineering, or graduate in other 
branches of engineering, plus one year of 
experience with a public health unit or 
the USPHS or experience equivalent to 
these qualifications. Must have a work- 


ing knowledge of the activities set forth 
as duties. 

2. In view of certain working and liv- 
ing conditions peculiar to this theater, it 
is desired but not mandatory that prefer- 
ence be given to qualified applicants who 
possess all or most of the following addi- 
tional qualifications: (a) In the age group 
30-45; (b) Willing to serve in isolated 
areas; (c) Strong enough physically to 
make inspection trips under difficult trav- 
elling and weather conditions; (d) Men 
who have had some military experience 
and/or administrative experience; (e) It 
is almost mandatory that unmarried men 
be recruited for these positions since the 
present policy in Japan in connection with 
the transportation of dependents overseas 
precludes the possibility of civilian em- 
ployees in the grade of P-4 or its equiva- 
lent and below from bringing their fami- 
lies to Japan. 

Salary 


These positions have been established at 


-a Civil Service rating of P-4, the base 


pay for which is $4,902. This base pay 
will be augmented by a 25 per cent over- 
seas differential, making a total annual sal- 
ary of $6,127.50. 
Apply 

D. Donald Klous, Major, GSC, Branch 
Executive, War Department, Civil Affairs 
Division, Personnel and Training Branch, 
Washington 25, D. C. 


ENGINEERS 

Civil, sanitary, electrical, mechanical, 
refrigeration and air conditioning engi- 
neers are needed to fill overseas positions 
with the U. S. Army Engineers. © Positions 
are available at Guam, Philippine Islands, 
Okinawa, Japan, Korea and in the Carib- 
bean Areas; salaries range from $3,306 
to $8,875 per annum; housing for depend- 
ents is not generally available. Apply: 
Civilian Personnel Branch, Office of the 
Chief of Engineers, Building T-7, Gravelly 
Point, Virginia. Applications should in- 
clude completed Form 57, U. S. Civil 
Service Commission, in duplicate, copies 
of which can be obtained at your local 
post office. 
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